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ABSTRACT 


This  report  is  the  culmination  of  several  theoretical  and  design 
papers  on  a  low  resolution,  short  range  vision  system  to  be  used  for 
planetary  exploration.  Included  is  a  theoretical  discussion  of  the 
Scanning  Laser  /  Multi-Detector  laser  triangulation  system  M designed 
and  built  /  in  the  Rensselaer  Polytechnic  Institute  Mars  Rover 
Laboratory^  Discussed  in  depth  is  the  actual  test  performance  of  the 
Scanning  Laser  /  Multi -Detector  System. 


All  tests  presented  were  performed  in  controlled,  static, 
laboratory  conditions.  To  add  to  the  credibility  of  the  tests,  the 
materials  used  were  of  the  same  reflective  properties  as  dirt.  The 
actual  tests  performed  included:  single  step  tests,  single  slope  tests, 
multiple  step  tests,  and  range  tests.  All  of  these  tests  were 
performed  to  show  the  capabilities  of  the  vision  system  and  its  ability 
to  detect  the  presence  of  terrains  hazardous  to  the  safety  of  the 
vehicle. 


The  results  showed  both  the  vision  system's  strengths  and 
weaknesses.  Of  special  interest  was  that  many  of  the  limitations 
uncovered  were  software  based.  The  test  results  are  included,  in  the 
Appendix . 


PART  1 


INTRODUCTION  AND  HISTORICAL  REVIEW 

In  the  last  several  years,  tremendous  advances  have  been 
brought  about  in  the  field  of  robotics.  This  has  been  due,  in  part, 
to  advances  in  vision  systems  technology  and  in  the  development  of 
artificial  intelligence  for  interpreting  the  data  obtained.  The  Mars 
Rover  Project  at  Rensselaer  Polytechnic  Institute  has  been  a  product 

of  these  advances. 

Since  1968,  when  the  effort  began  under  a  NASA  grant,  the 
project  has  undergone  many  changes  both  in  the  design  goals  and  in 
the  physical  vehicle.  In  the  beginning,  the  goal  was  to  create  a 
vehicle  which  could  negotiate  rocky  terrain  with  little  difficulty. 

Mathematical  models  were  created  to  determine  various  stresses  and 
strains  due  to  inertial  forces  as  well  as  external  forces  which  may  be 
present  (see  Reference  14).  Particular  attention  was  paid  to  the 
design  of  the  wheels.  The  vehicle  at  one  time,  was  a  two  wheel  drive 

device  which  could  fold  itself  into  a  small  package,  facilitating 

transportation  to  Mars.  Because  of  difficulties  the  vehicle  encountered 
negotiating  certain  obstacles,  it  was  later  decided  to  give  it  four 
wheel  drive. 


Once  most  of  the  design  and  construction  of  the  vehicle  itself 
was  completed,  attention  was  placed  on  the  design  of  an  onboard 

vision  system.  The  need  for  a  vision  system  was  prompted  by  the 
desire  to  include  a  shortrange  terrain  navigation  system  on  the 

vehicle.  A  local  navigation  system  was  wanted  because  the 

communications  time  between  Earth  and  Mars  varies  from  9  to  40 
minutes,  depending  on  the  distance  between  them.  Obviously,  having 
to  transmit  a  view  of  the  terrain  to  Earth,  process  the  information, 
and  send  a  command  back  would  take  an  exorbitant  amount  of  time 
and  the  vehicle  wouldn't  get  very  far  very  fast.  The  need  for  a 

vision  system  was  first  filled  by  a  Singl^-Laser/Single-Detector 
(SL/SD)  mast.  Figure  1.  The  laser  fired  15  azimuth  pulses  per  scan 
and  the  detector  could  detect  relatively  gross  hazards  at  distances  of 
1.5  meters  and  heights  of  0.25  meters.  Figure  2.  The  addition  of  the 
vision  system's  mast  precluded  the  vehicle’s  folding  ability.  Since  the 
vision  system  was  determined  to  be  of  greater  importance  than  the 

ability  of  the  vehicle  to  fold,  this  was  a  more  than  equitable  loss. 

The  testing  done  was  with  the  vehicle  outdoors  on  terrain  very 

similar  to  what  would  have  been  expected  to  be  encountered  on  Mars. 
Extensive  testing  proved  that  the  system  worked  as  designed 
(Reference  6). 

The  simple  "hazardous/not  hazardous"  resolution  of  the  system 
was  determined  to  be  overly  conservative  and  so  a  new  system  design 
was  sought.  Using  what  had  been  learned  from  the  design  of  the 
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FIGURE  2.  LASER  SCAN  PATTERN  OF  SL/SD  SYSTEM 


SL/SD  system,  a  Multi-Laser/Multi-Detector  (ML/MD)  system  was 
designed  and  built  (see  References  1,  3,  5,  7,  11).  In  addition  to 
the  actual  hardware  that  made  up  the  new  vision  system,  there  was 
also  simulation  as  well  as  realtime  software  written  to  interpret  the 
data  which  the  new  mast  provided  (see  References  4,  10). 

The  Mars  Rover  Vehicle  has  thus  evolved  into  a 
dual-microprocessor  controlled  vehicle  able  to  negotiate  rough  terrain 
with  a  Multi-Laser/Multi-Detector  vision  system.  The  development  of 
the  new  vision  system  mentioned  above  included:  the  design  of  a  new 
mast  with  the  associated  drive  electronics  and  mechanics,  the  design 
of  a  new  microprocessor  board  to  control  the  flow  of  data  to  a 
mainframe  computer,  and  the  development  of  new  software  to  interpret 
the  information  obtained  by  the  mast. 

Throughout  these  recent  developments,  there  has  been  relatively 
little  done  to  determine  whether  the  modifications  were  improving  the 
system  or  making  it  unnecessarily  complicated.  For  instance,  up  until 
very  recently  there  had  been  very  little  testing  (Reference  9)  done 
to  determine  how  well  the  new  detection  hardware  works.  Some 
questions  that  need  to  be  answered  include:  is  this  vision  system 
reliable,  does  it  do  the  assigned  task  of  obtaining  reasonably  accurate 
data,  do  the  benefits  outweigh  the  possible  problems  of  the  added 
complexity  of  the  system,  and  how  accurate  is  the  data  obtained  by 
the  system? 


PART  2 


ML/MD  VISION  SYSTEM  THEORY 


In  order  for  the  test  results  to  be  understood,  it  must  first  be 
understood  how  the  Multi-Laser/Multi-Detector  Vision  scanning  system 
works.  Therefore,  the  concepts  of  Laser  Triangluation  and  of  the 
scanning  laser  are  presented  first. 

2. 1  Laser  T riangulation 

The  idea  of  laser  triangulation  is  that,  given  a  known  angle  of 
a  laser  being  fired  and  a  known  angle  of  a  detector  receiving  the 
returning  light  rays,  the  height  and  range  of  the  terrain  can  be 
determined  through  applied  geometry.  This  concept  and  associated 
equations  are  shown  in  Figure  3.  By  firing  the  laser  at  a  series  of 
elevation  angles  at  a  constant  azimuth  it  is  possible  to  obtain  height 
and  range  data  of  the  terrian  for  any  particular  azimuth  (see 
Reference  15).  The  heights  and  ranges  are  determined  from  the 
intersection  points  of  the  laser  and  detector  angles.  A  system  with  18 
laser  elevations  and  19  detector  angles  is  shown  in  Figure  4. 


FORWARD  DISPLACEMENT  OF  LASER  RAY  ORIGIN 


HEIGHT  OF  LASER  RAY  ORIGIN 

ELEVATION  ANGLE  OF  LASER  RAY 

ANGLE  OF  LASER  RETURN  "SEEN"  BY  DETECTOR 

EFFECTIVE  Z-AXIS  INTERCEPT  HEIGHT  OF  REFLECTED  RETURN 

TERRAIN  HEIGHT  AT  OBSERVED  TERRAIN  POINT 


TERRAIN  RANGE  AT  OBSERVED  TERRAIN  POINT 
H_  TAN..  -  H  TAM  ♦  D 


Assuming  the  use  of  a  rotating  or  oscillating  mast,  which  allows 
for  several  azimuths,  there  are  at  least  two  ways  to  produce  several 
laser  elevation  shots  per  azimuth.  One  of  these  is  to  use  several 
lasers,  each  firing  at  a  slightly  different  elevation.  Another  method, 
the  one  used  for  the  ML/MD  system,  is  to  use  a  single  laser  firing  at 
multiple  elevations  to  produce  the  effect  of  multiple  lasers. 

2.1.1  ML/MD  Vision  System  Accuracy  Factors 

The  accuracy  of  the  data  obtained  by  triangulation  system 
depends  on  essentially  three  independent  factors.  They  are:  the  laser 
characteristics,  the  detector  characteristics,  and  the  distance  between 
the  lasers  and  the  detectors.  The  density  of  laser  shots  will  affect 
resolution  as  depicted  in  Figure  5.  The  higher  density  of  laser  shots 
produces  a  more  well  defined  envelope  of  the  terrain.  The  angular 
resolution  of  the  detectors  is  also  a  factor  and  is  a  function  of  the 
number  of  detectors  and  the  desired  total  angular  coverage.  Finally, 
the  accuracy  is  also  affected  by  the  distance  between  the  lasers  and 
the  detectors  as  shown  in  Figure  6.  Of  these  three  factors,  this  one 
can  provide  the  greatest  improvement  in  accuracy  in  the  easiest 
possible  way,  i.e.  with  just  a  simple  change  in  component  locations. 
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LESSER  RESOLUTION  DUE  TO 
REDUCED  DISTANCE  BETWEEN  LASER  AND  DETECTOR 


FIGURE  6.  LASER/DETECTOR  DISTANCE  EFFECT  ON  RESOLUTION 
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2.1.2  Detector  Cone  of  Vision  Problem 


A  problem  which  arises  from  the  application  of  this  type  of  system  is 

that  the  "cone  of  vision",  which  each  detector  possesses, 

unfortunately  causes  not  a  point,  but  a  line  segment  of  data  to  be 
considered  a  return  for  each  detector.  This  problem,  as  illustrated  in 
Figure  7  for  step  hazards  and  Figure  8  for  slope  hazards,  is 
considered  to  be  quite  important  in  the  determination  of  what  is  and 

what  is  not  a  hazard.  For  instance,  if  a  step  hazard  is  defined  to 
exist  whenever  a  step  exceeds  25  cm  (10  inches),  but  the  system  has 
a  resolution  of  only  5  cm  (2  inches)  as  a  result  of  the  "cone  of 
vision"  effect,  it  would  be  necessary  to  treat  any  hazard  greater  than 
20  cm.  (8  inches)  as  hazardous  just  to  be  safe.  By  the  same  token, 
if  the  system  had  a  5  degree  angular  resolution  and  a  slope  hazard  is 
defined  as  any  slope  grade  of  greater  than  30  degrees,  then  a  slope 
encountered  with  a  grade  of  25  degrees  must  be  treated  as  a  hazard. 


2.1.3  Laser  Trianqulation  Justification 


The  justification  for  laser  triangulation,  as  opposed  to  some 
other  method  to  determine  obstacle  height  and  range,  is  the  faster 
rate  at  which  the  obtained  data  can  be  analyzed.  This  is  due,  partly, 
to  the  fact  that  the  single  scan  bit  rate  is  only: 

B=N(L)  *  LOG,(N(L))  *  LOG2(N(D)) 


B  is  the  number  of  bits  per  scan 
N(L)  is  the  number  of  laser  shots  fired 
N(D)  is  the  number  of  detectors  used 

For  instance,  if  there  were  1024  laser  shots  fired  per  scan  and 
64  detectors  used,  the  number  of  bits  required  would  be  1024*10*6  or 
61440  bits  per  scan.  If  a  scan  were  to  occur  once  every  3  seconds, 
this  would  require  data  to  be  processed  at  a  rate  of  about  20000  bits 
per  second  which  can  be  handled  quite  easily,  even  by  some 
microprocessors.  For  comparison,  digitized  voice  processing  requires 
an  even  higher  rate.  Another  advantage  which  a  laser  triangulation 
system  has  over  other  systems  is  that  each  laser  shot  fired  is 

tagged,  meaning  that  each  shot  is  fired  at  known  azimuth  and 

elevation  angles.  The  advantage  that  this  provides  is  that  with  known 
detector  angles  the  determination  of  the  height  and  range  are  a 

matter  of  plugging  all  of  this  information  into  a  simple  geometric 
equation . 

What  has  not  been  attacked  are  the  drawbacks  which  laser 
triangulation  has.  For  instance,  the  resolution  of  a  laser  triangulation 
system  is  usually  limited.  Increasing  the  density  of  laser  shots  as 
well  as  increasing  the  number  of  detectors  would  increase  it. 

Unfortunately,  either  one  of  these  fixes  would  also  increase  the 
number  of  bits  required  to  obtain  a  complete  scan.  In  the  case  of  the 


Mars  Rover  vision  system,  these  problems  do  not  apply  because  a 
high  resolution  is  not  required. 


2.2  Concept  of  the  Scanning  Laser 

The  Muiti-Laser/Multi-Detector  (ML/MD)  vision  scanning  system 
works  by  firing  a  single  laser  through  a  series  of  elevations  and 
azimuths  and  then  receiving  the  reflections  from  the  terrain  back 
upon  an  array  of  detectors.  By  using  a  single  fixed  position  laser 
firing  at  a  rotating  mirror,  the  cost  and  weight  of  the  system  are 
greatly  held  down.  Also,  the  complexity  of  the  drive  electronics  is 
reduced  as  only  a  single  laser  need  be  contended  with.  In  addition, 
the  amount  of  calibration  required  for  the  system  is  slight.  If  a 
rotating  mirror  is  used,  as  in  the  case  of  the  RPI  Mars  Rover,  the 
mirror  should  be  positioned  with  respect  to  a  shaft  encoder.  This 
way,  any  elevation  angle  within  the  resolution  of  the  encoder  is 
available. 

2.3  ML/MD  Vision  System  Data  Interpretation 

The  data  obtained  by  an  ML/MD  vision  system  must  be 
interpreted  somehow.  If  what  was  described  above  with  respect  to  the 
resolution  was  enough  to  completely  describe  a  given  terrain,  then  ail 
that  is  necessary  would  have  been  said.  But,  there  are  other  factors 
which  have  not,  as  yet,  been  pointed  out.  The  most  obvious  of  these 
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is  that  the  information  obtained  must  be  interpreted  with  respect  to 

the  orientation  of  the  vehicle.  This  information  could  be  provided  by 
gyroscopes  giving  the  relative  pitch  and  roll  of  the  vehicle.  For 
instance,  if  the  vehicle  were  on  an  up-slope,  then  steps  of  lower 
magnitude  than  those  acceptable  when  the  vehicle  is  on  flat  ground 
would  be  tolerable.  This  is  illustrated  in  Figure  9. 

Another  factor  that  must  be  considered  is  what  to  do  about 
laser  shots  fired  for  which  there  are  no  detected  returns.  Two 

examples  of  this  are  shown  in  Figure  10.  As  can  be  seen  in  each  of 

these  Figures,  the  unknown  terrain  may  or  may  not  be  hazardous. 

Because  of  this  ambiguity,  it  must  be  assumed  that  whenever  there 
are  no  returns,  the  unknown  terrain  is  hazardous.  This  means  that 
even  with  no  returns,  there  is  information  conveyed,  specifically  that 
there  is  a  hazard  present. 

The  programs  which  do  these  interpretations  are  not  the  subject 
of  this  paper.  They  are  mentioned  merely  for  completeness.  Only  the 
modeler  will  be  discussed  later  in  any  detail.  Information  about  how 
this  software  works  is  available  in  References  4,  9,  and  10. 
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LEVEL  GROUND  -  0.25  METER  BLOCK 
MAXIMUM  VEHICLE  SLOPE  =  8  DEGREES 


20  DEGREE  SLOPE  -  0.12  METER  BLOCK 
MAXIMUM  VEHICLE  SLOPE  =  24  DEGREES 


25  DFGREE  SLOPE  -  0.06  METER  BLOCK 
MAXIMUM  VEHICLE  SLOPE  =  27  DEGREES 


19  DEGREE  SLOPE  -  0.25  METER  BLOCK 
MAXIMUM  VEHICLE  SLOPE  =  27  DEGREES 


24  DEGREE  SLOPE  -  0.12  METER  BLOCK 
MAXIMUM  VEHICLE  SLOPE  =  28  DEGREES 


MAXIMUM  VEHICLE  SLOPE  =  30  DEGREES 


FIGURE  9.  INCREASING  SLOPE  EFFECT  ON  STEP  HAZARDS 


PART  3 


OVERVIEW  OF  VISION  SYSTEM 

Before  the  test  results  of  the  RPI  Mars  Rover  vision  system  are 
discussed,  an  overview  of  the  vision  system's  hardware  and  software 
components  will  be  given.  Figure  11  presents  this  system  in  a  block 
diagram  form.  The  separate  components  are  described  in  detail  below. 

3.1  Mast  and  Associated  Electronics 

The  electronic  hardware  used  on  the  vision  system  for  the 
Rensselaer  Mars  Rover  consists  of  several  components.  The  laser  and 
the  detector  array  are  housed  in  the  rotatable  mast.  The 
semiconducor  laser  is  capable  of  producing  infrared  light  pulses  with  j 

a  wavelength  of  904  nm  and  a  peak  power  of  100  watts  at  a  10000  j 

hertz  rate  with  a  .04  percent  duty  cycle.  The  light  from  the  laser  is 
focused  by  a  lens  and  then  reflected  from  a  rotating  8-sided  mirror.  i 

This  reflected  light  then  hits  the  terrain.  Some  portion  of  whatever 
light  reflected  from  the  terrain  passes  through  the  35  mm  camera  lens  i 

and  onto  a  photodetector  diode  array.  The  photodiode  array  consists 
of  20  photodiodes  with  a  common  cathode  mounted  in  a  20  pin  DIP 
(Dual  Inline  Pin)  package. 
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FIGURE  11.  BLOCK  DIAGRAM  OF  VISION  SYSTEM 


Each  photodiode  is  connected  to  an  integrated  circuit  operational 
amplifier.  Comparators  then  determine  whether  or  not  a  particular 
photo-diode  received  any  of  the  return  light  and  the  upper  and  lower 
detector  numbers  of  those  hit  are  determined.  These  numbers  are  fed 
through  slip  rings  to  the  control  circuitry  in  the  non-rotating  back  of 
the  mast  (see  Reference  11).  The  mast  is  shown  in  Figure  12. 

The  rotation  of  the  mast,  the  rotation  of  the  8;-sided  mirror, 
and  the  timing  for  firing  the  laser  are  controlled  by  electronics  on 
five  circuit  cards  located  on  the  back  of  the  mast  (see  References  3 
and  7).  These  cards  are  supplied  the  position  of  the  rotating  mirror 
by  a  shaft  encoder  which  puts  out  2048  pulses  per  revolution  along 
with  a  zero  pulse.  The  information  makes  available  256  different 
elevation  angles  between  0  and  90  degrees  (8  times  per  revolution  of 
the  mirror).  There  is  also  a  shaft  encoder  which  identifies  the 
azimuth  position  of  the  mast.  This  encoder  allows  up  to  256  different 
azimuth  angles;  some  of  which  cannot  be  used  because  they  occur  in 
the  back  of  the  scan.  When  a  laser  pulse  is  fired,  32  bits  of 
information  are  shifted  into  FIFO  (First-In-First-Out)  memories.  These 
are  end  of  scan,  end  of  azimuth,  azimuth  number,  elevation  number, 
upper  detector  returned  number,  and  lower  detector  returned  number. 
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FIGURE  12.  MULTI-LASER/MULTI  DETECTOR  MAST 


3.2  Telem  card 


All  of  the  data  shifted  into  the  FIFOs,  as  well  as  the  data  describing 
the  vehicle's  current  status  must  be  buffered  and  sent  to  the 
computer  running  the  realtime  control  routines.  The  vehicle  status 
data  includes  information  on  the  wheel  speeds,  the  gyro  angles,  and 
the  steering  angle.  This  is  done  by  the  telemetry  stand-alone 
microprocessor  board  located  in  the  vehicle  card  cage  (see  Reference 

2).  The  program  TELEM6.TC  currently  runs  the  processor.  This  < 

i 

program  acts  as  both  a  diagnostic  tool  as  well  as  a  data  flow 
controller.  It's  output  display,  shown  in  Figure  13,  tells  immediately 
if  there  are  any  major  faults  with  the  data  coming  from  the  mast. 

When  a  period  is  printed,  vehicle  data  for  a  particular  scan  has  just 
been  sent.  The  number  shown  to  the  left  of  each  colon  is  an  azimuth 
number  and  the  number  shown  to  the  right  of  the  colon  is  the 
number  of  elevation  shots  fired  for  that  particular  azimuth.  At  the 
end  of  scan  'EOS'  is  printed,  as  well  as  the  number  of  azimuths  and 
the  total  number  of  laser  shots  fired.  Any  deviation  from  the  defined 
laser  shot  numbers  can  easily  be  detected  from  this  displayed  output. 

A  listing  of  TELEM6.TC  can  be  found  in  Appendix  Section  7.1. 


3.3  Prime  GPIB 


The  data  which  the  telemetry  board  handles  is  sent  via  two 
coaxial  cables  to  a  PRIME  750  in  the  RPI  Image  Processing  Lab,  JEC 
Room  2318.  The  data  enters  the  Prime  via  a  GPIB  (General  Purpose 

Interface  Board)  (see  Reference  5).  This  board  controls  a  DMT 

(Direct  Memory  Transfer)  into  the  main  memory  of  the  Prime 

computer.  The  board  itself  is  controlled  by  the  device  driver  TSROVR 
(see  Reference  12). 

3.4  Prime  Computer  Prog  rams 

There  are  basically  three  types  of  routines  which  use  the  data 
once  it  has  made  its  way  into  the  Prime  Computer.  The  first  of  these 
routines  are  the  realtime  routines  which  take  given  data,  determine 
what  hazards  exist,  and  decide  what  the  Rover  should  do  next;  stop, 
turn,  go,  etc.  As  of  the  time  this  paper  was  written,  the  actual  path 
selection  routines  on  what  the  Rover's  next  move  should  be  have  not 
been  used  in  realtime.  However,  they  have  been  used  in  simulation 

(see  Reference  10).  In  addition  to  the  realtime  routines,  there  are 
the  post  processing  routines.  These  routines  allow  the  user  to  look  at 
the  data.  In  fact,  the  various  graphs  in  this  paper  were  produced 
using  the  post-processing  routines.  A  descriptive  list  of  the  names 
and  particular  functions  of  these  routines  can  be  found  in  the  project 
report  MP-80  (Reference  9). 


The  third  type  of  routines  are  used  for  mast  calibration.  This 
routine  is  actually  a  form  of  a  post-processor,  but  it  is  meant  to  be 
used  only  when,  for  some  reason,  some  mast  parameter  needs  to  be 
changed.  The  calibration  routines  are  especially  useful  in  calibrating 
detector  angles  and  elevations.  Due  to  system  limitations,  it  is  almost 
impossible  to  make  the  detector's  cone  of  vision  identical  for  every 
detector,  therefore,  attempting  to  measure  by  hand  the  cone  of 
vision's  precise  center  for  each  detector  also  becomes  an  almost 
impossible  task.  Since  the  elevation  angles  at  which  the  laser  fires 
are  known,  detector  calibrations  can  be  achieved  by  feeding  the  mast 
known  terrains  at  known  slope  angles.  Since  the  only  unknowns 
involved  in  obtaining  this  data  are  information  relating  to  the 

detectors,  these  unknowns  can  be  solved  for.  After  several  different 
slopes  have  been  obtained,  guaranteeing  all  detectors  have  received 
returns  from  more  than  a  single  laser  elevation  angle,  a  table  of 

detector  angles  and  heights  can  be  created  through  linear  regression 
(see  Reference  9). 

3.5  The  Modeler 

The  heart  of  the  realtime  routines  is  the  modeler.  This  is  a 
subroutine  which  takes  the  given  raw  laser  and  detector  data  and 

produces  a  list  of  hazards  for  each  scan.  Then,  it  divides  the  hazard 
analysis  into  two  catagories.  The  first  of  these  is  in-path  hazard 

analysis.  In-path  hazard  analysis  detects  hazards  which  exist  along  a 


particular  azimuth.  These  types  of  hazards  are  step  hazards,  slope 
hazards,  and  insufficient  data  hazards.  The  other  type  of  hazard 
analysis  performed  is  cross-path  hazard  analysis.  These  hazards  are 
those  created  by  two  adjacent  valid  azimuths  which  when  next  to  each 
other  produce  a  hazard,  but  do  not  necessarily  constitute  hazards 
when  found  without  the  other. 

3.5.1  What  the  Modeler  Does  with  the  Data 

Although  a  complete  description  of  how  the  modeler  works  will 
not  be  given  here  (see  References  9  and  10  for  more),  a  general 
flowchart  as  well  as  equations  of  particular  interest  are  discussed 
below.  The  in-path  analysis  is  done  for  each  azimuth  one  at  a  time. 
The  first  process  is  changing  the  incoming  upper/lower  detector 
number  inputs  to  index  values.  Next,  they  are  placed  in  the  order  of 
increasing  range.  Points  which  could  be  the  sources  of  sensor 
quantization  errors  as  well  as  those  considered  too  distant  in  range 
are  removed.  Finally,  the  actual  analysis  begins  starting  with  the 
determination  of  whether  there  are  enough  returns  or  whether  the 
most  distant  return  is  too  close.  The  data  used  for  cross-path  hazard 
analysis  is  extracted  at  this  time  for  later  use.  Slope  and  step  hazard 
cataloguing  follows.  After  all  in-path  analysis  has  been  completed, 
cross-path  analysis  is  applied.  The  cross-path  analysis  compares 
characteristics  of  adjacent  azimuths  with  valid  data  to  determine  the 
presence  of  either  a  cross-slope  or  a  cross-step  hazard.  Both 


cross-slope  and  cross-step  hazards  are  lumped  together  as  cross-path 
hazards.  When  the  cross-path  analysis  is  complete,  the  work  of  the 
modeler  is  finished. 


3.5.2  Modeler  Slope  Hazard  Equations 

The  modeler  determines  the  slopes  in  an  azimuth  by  taking  the 
arctangent  of  the  height  difference  divided  by  the  range  difference 
for  each  pair  of  valid  adjacent  elevation  shots.  The  key  to  the 
modeler's  ability  to  detect  a  slope  hazard  is  the  following  equations: 

CS=(1  -B)*ARCT  AN(  (TZ(J)  -TZ(J-1  ))/(TR(J)-TR(J-1)) )  ♦B*OLDCS 

ESTSLOPE=AZSLOPE+CS 

where  for  a  particular  azimuth: 

J  -  counter  from  2  to  the  number  of  valid  laser  returns. 

CS  -  the  current  elevation  pair  unadjusted  slope  estimate. 

OLDCS  -  the  previously  determined  value  of  CS. 

TZ()  -  height  (z-axis)  coordinate  array  for  each  elevation. 

TR()  -  range  coordinate  array  for  each  elevation. 

AZSLOPE  -  the  adjusted  zero  slope  with  respect  to  the  planet's 
coordinates  and  vehicle  orientation.  This  value  is 
determined  using  gyro  and  azimuth  number  information. 


ESTSLOPE  -  the  estimated,  adjusted  slope  determined  for  the 
current  elevation  pair.  Whenever  this  value  is  greater 
than  the  slope  threshold,  a  slope  hazard  is  flagged. 

B  -  a  coefficient  which  determines  how  much  of  the  previous 
will  be  used  in  the  current  slope  determination.  Its  values 
ranges  from  -1  to  1 . 

Of  the  above  mentioned  parameters,  the  coefficient  B  has  the 
greatest  impact  on  the  estimated  slope  value.  It  determines  how  much 
smoothing  of  the  slope  occurs  by  injecting  B  amount  of  the  previous 
slope  into  the  current  slope.  This  smoothing  action  helps  to 
distinguish  slope  hazards  from  step  hazards  since  step  hazards  consist 
of  relatively  high  frequency  variations.  This  low  pass  filter  effect  can 
be  quite  dramatic  as  shown  in  the  testing. 

3.5.3  Modeler  Step  Hazard  Determination 

The  modeler  is  set  up  to  determine  step  hazards  using  three 
separate  pieces  of  information.  These  are:  actual  height  variations, 
vehicle  orientation  information,  and  slope  information.  The  reason  for 
the  use  these  last  two  pieces  of  information  may  not  seem  obvious, 
but  will  be  explained  here.  As  was  stated  earlier  in  THEORY,  the 
vehicle's  ability  to  negotiate  a  step  decreases  as  the  presence  of  a 
slope  in  the  same  direction  as  the  step  increases,  but  not  vice  versa. 
Therefore,  it  is  necessary  for  the  slope  values,  determined  by  the 
above  method,  to  be  injected  into  the  step  hazard  analysis. 


3.5.4  Classification  of  Hazards 

There  are  six  types  of  hazards  which  are  classified  by  the 
modeler:  step  hazards,  slope  hazards,  insufficient  data  hazards,  most 
distant  return  to  close  hazards,  cross-path  hazards,  and  bad  data 
hazards.  The  first  four  of  these  are  determined  by  analysis  of  data 
returned  in  a  single  azimuth.  The  cross-path  hazards  are  determined 
by  intra-azimuth  analysis.  A  bad  data  hazard  is  usually  the  result  of 
some  hardware  element  of  the  system  failing.  A  more  in-depth 
description  of  each  of  these  follows. 

3.5.4. 1  Step  Hazards 

A  hazard  in  which  wheels  of  the  vehicle  cannot  properly 
maneuver  is  known  as  a  step  hazard.  Examples  of  step  hazards 
include  protrusions,  such  as  rocks,  and  depressions,  such  as  holes. 
Since  the  wheel  radius  is  25  cm.  (10  in),  a  height  greater  than  this 
would  not  allow  the  vehicle's  wheels  to  negotiate  it.  In  the  case  of  a 
hole  deeper  than  25  cm.  (10  in),  the  wheels  could  certainly  get  in, 
but  there  would  be  no  guarantee  that  they  could  get  out  again.  Also, 
just  because  the  wheel  got  into  a  hole  doesn't  >\ean  that  it  did  so 
undamaged . 


3. 5. 4. 2  Slope  Hazards 


A  slope  hazard  is  defined  as  a  hazard  whose  slope  is  greater 
than  that  which  the  vehicle  can  properly  negotiate.  An  example  of 
this  type  of  hazard  is  hilly  terrain.  The  nature  of  the  dangers  slope 
hazards  present  can  be  quite  complicated.  For  instance,  the  vehicle 
might  be  on  a  progressively  steeper  hillside  (as  in  Figure  14A).  If 
the  change  is  very  gradual,  the  scanning  laser,  alone,  will  not  notice 
the  change.  The  other  parts  of  the  system,  specifically  the  gyros, 
would  be  depended  upon  to  supply  the  missing  information.  However, 
the  ML/MD  system  is  necessary  for  recognizing  the  presence  of  a 
sharp  slope  hazard  before  the  vehicle  actually  encounters  it.  An 
example  of  such  terrain  is  shown  in  Figure  14B. 

3. 5.4.3  I nsufficient  Data 

When,  for  some  reason,  less  than  one-fourth  of  the  total 
number  of  laser  shots  for  an  azimuth  have  returns  accounted  for,  an 
insufficient  data  hazard  is  flagged.  The  reasons  for  not  enough  data 
being  returned  range  from  encountering  a  terrain  with  poor  reflective 
properties  to  hardware  failures. 

The  reflective  properties  of  materials  vary  from  excellent  to 
terrible.  As  was  determined  (see  Reference  9),  the  amount  of  light 
returned  from  such  materials  as  black  slate  was  not  detected  by  the 
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detectors  at  any  range  with  any  aperture  settings.  The  most  likely 
explaination  for  this  occurance  is  that  the  black  slate  in  question 
simply  absorbed  all,  or  almost  all,  incident  infrared  light  on  its 
surface.  On  the  other  hand,  a  material  like  brown  cork  reflected  more 
light  than  black  slate  but  less  than  wood.  What  this  indicates  is  that 
different  materials  reflect  infrared  light  differently.  A  material  such 
as  dry  garden  dirt,  whose  reflective  ability  was  analyzed  this  year, 
reflects  slightly  better  than  the  light  brown  cardboard  analyzed  last 
year.  In  any  case,  the  poor  reflective  properties  of  a  material  could 
certainly  account  for  an  insufficient  data  hazard. 


Hardware  failures,  given  the  number  and  complexity  of 
components  in  a  system  like  this,  are  almost  inevitable.  A  particular 
problem  which  has  crept  up  occasionally  has  been  detector  amplifier 
oscillations.  Because  returns  are  considered  invalid  when  the  upper 
and  lower  detector  numbers  differ  by  more  than  1,  an  oscillation  in  a 
particular  detector  amplifier  will  cause  most  of  the  data  from  that 
scan  to  be  disqualified  resulting  in  an  insufficient  data  condition. 


3. 5.4.4  Farthest  Return  Less  Than  1.5  meters  Awa 


When  the  terrain  is  such  that  the  furthest  laser  return  in  a 
particular  azimuth  is  less  than  1.5  meters,  the  terrain  further  than 
this  is  classified  as  unknown  and  is  automatically  assumed  to  be 
hazardous.  The  reason  this  is  flagged  as  a  special  hazard  is  that  the 


vehicle  would  have  to  back  up  to  avoid  anything  that  was  any  closer. 
Thus,  this  type  of  hazard  must  also  be  avoided. 

3. 5.4. 5  Crosspath  Hazards 

A  cross  path  hazard  is  defined  to  be  an  occurence  of  2 
adjacent  azimuths  where,  alone,  the  terrains  do  not  necessarily 
constitute  a  hazard.  But,  when  the  terrains  are  next  to  each  other, 
a  hazard  results.  Both  slope  and  step  hazards  are  classified  as 

crosspath  hazards  when  either  is  encountered  during  crosspath 
analysis.  However,  the  criterion  for  determining  whether  or  not  a 
slope  or  step  hazard  is  present  is  more  rigorous  than  the  criterion 

applied  for  in-path  analysis.  This  is  because  of  the  filtering  which 
takes  place  before  the  crosspath  analysis.  The  result  is  that  it  is 
possible  for  a  certain  terrain  to  be  flagged  with  a  crosspath  hazard  if 
the  mast  were  viewing  it  from  one  angle,  but  would  not  register  with 

a  hazard  when  viewed  from  another  angle.  A  typical  crosspath  hazard 

would  be  a  boulder  edge  encountered  in  one  azimuth  and  a  hole 
encountered  in  an  adjacent  azimuth.  This  is  depicted  in  Figure  15. 


3. 5. 4. 6  Bad  Data 


If  the  data  obtained  from  the  mast  can  not  be  interpreted,  then 
another  type  of  hazard  must  be  catalogued.  This  type  of  hazard 

would  occur  if  there  was  illegal  or  improper  information  supplied  to 
the  modeler  compared  to  what  is  expected.  For  instance,  there  are 

supposed  to  be  32  azimuths,  but,  if  for  some  reason  33  azimuths  were 
fired,  a  bad  data  error  would  be  flagged.  The  same  is  true  if  the 

number  elevations  fired  differed  from  the  number  expected  for  a 

particular  azimuth.  A  bad  data  error  could  be  attributed  to  either  a 
hardware  failure,  setting  up  the  realtime  software  parameters  with  no 
consideration  of  the  actual  hardware  used,  or  both.  Bad  data  also 
raises  questions  concerning  the  reliability  of  theof  the  received  data. 
As  all  bad  data  is  thrown  out,  consistently  bad  data  means  that  the 
Mars  Rover  vehicle  would  have  to  be  commanded  to  stop  until  the  bad 
data  problem  is  solved. 


PART  4 


TESTING  PROCEDURES 


All  testing  was  performed  indoors  on  a  concrete  floor  at  a  room 
temperature  of  approximately  23  degrees  Centigrade  (74  degrees 
Fahrenheit).  The  mast  was  rotating  at  approximately  16  revolutions 
per  minute  with  the  laser  firing  32  azimuths  each  with  32  elevations. 
The  azimuth  and  elevation  firing  angles  used  can  be  found  in  the 
tables  in  Figure  16.  For  all  tests,  the  lens  aperture  was  opened  to 
5.6  and  the  lens  focus  setting  was  .45  meters  (note  that  this  does 
not  correspond  to  the  settings  on  a  camera  since  location  of  the 
photodiode  array  does  not  correspond  to  where  the  film  would  have 
been).  The  mast  pitch  and  roll  were  each  90  degrees.  The  ground, 
for  all  tests  except  for  the  hole  tests  was  36  cm  (14  in)  below 
vehicle  ground.  With  this  in  mind,  the  effective  detector  heights  was 
1  meter  above  vehicle  ground  and  the  effective  laser  height  was  2 
meters  above  vehicle  ground.  The  data  was  collected  using  the 
program  RECV2,  it  was  run  through  the  modeler  using  EXEC.POST2, 
and  the  graphs  were  generated  using  VIEW.MDL  (for  an  explanation 
of  these  programs,  see  Reference  9). 


Azimuth  Number 


Angle  (degrees) 


Elevation  Number 


Angle  (degrees) 


1 

-43 . 56 

2 

-40.74 

3 

-37.93 
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FIGURE  16.  TABLES  OF  AZIMUTH  AND  ELEVATION  ANGLES 


Terrains  were  created  using  cardboard  sheets  and  boxes  with 
reflective  properties  similar  to  those  of  dry  dirt.  It  should  be  noted 
that  detectors  6  and  11  were  not  functioning  at  the  time  of  testing. 

4. 1  Single  Step  Tests 

The  first  type  of  hazards  tested  for  were  step  hazards.  A 
rectangular  (66  by  61  cm  (26  by  24  in)  )  step  was  placed 
approximately  1  meter  in  horizontal  distance  from  the  front  of  the 
mast.  There  were  8  different  step  levels  tested  using  heights  from  5 
cm  to  45  cm  (2  to  18  inches)  in  5  cm  (2  in)  increments.  The  step 
size  which  was  defined  in  the  modeler  to  be  a  step  hazard  was  25  cm 
(10  in).  The  resulting  graphs  and  data  descriptors  for  heights  of  20, 
25,  and  30  cm.  (8,  10,  and  12  in)  are  shown  in  Figures  17,  18,  and 

19.  As  can  be  seen,  a  step  hazard  was  flagged  at  the  desired  step 

threshold  height.  Also,  the  height  determined  was  very  close  to  the 

actual  height  of  the  obstacle. 

4.2  Slope  Tests 

Because  the  values  of  the  slope  coefficient  B  and  the  slope 
threshold  determine  how  the  modeler  interprets  the  data,  with  respect 
to  slope  hazards,  the  parameters  were  varied  to  demonstrate  the 

modeler's  reactions.  The  test  itself  consisted  of  placing  a  ramp  183  cm 
long  by  66  cm  wide  (72  by  26  in)  in  front  of  the  mast.  The  distance 
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from  the  mast  to  the  start  of  the  ramp  was  1  meter.  The  height  at 
one  end  was  held  fixed  while  the  height  at  the  other  end  the  height 
was  varied  from  16  cm  to  118  cm  (6  to  46  in)  in  7  equal  steps.  This 
corresponds  to  angular  variation  of  from  5  to  40  degrees.  Slopes  with 
angles  of  20,  25,  30,  and  35  degrees  are  shown  in  Figures  20,  21, 
22,  and  23  with  the  modeler  coefficient  set  to  B=.90  and  a  slope 
threshold  set  to  30  degrees.  Figures  24,  25,  26,  and  27  depict  the 
results  for  the  same  angles  and  slope  threshold,  but  with  a  modeler 
coefficient  of  B=.85.  Results  for  other  values  of  B  as  well  as 
different  slope  thresholds  are  given  in  Appendix  Section  7.2.2. 


4.3  Two  Obstacles  Tests 


The  side  to  side  resolution  of  the  vision  system  was  tested  by 
placing  2  similiar  obstacles  next  to  each  other  at  equal  distances  from 
the  mast.  One  of  these  obstacles  had  a  top  area  of  61  by  61  cm  (24 
by  24  in)  and  a  fixed  height  of  36  cm  (14  in).  The  other  had  a  top 
surface  66  by  61  cm  (26  by  24  in)  and  a  height  which  was  adjusted 
from  0  cm  to  40  cm  (0  in  to  16  in).  Both  always  had  their  closest 
edge  at  a  fixed  radius  of  1  meter  from  the  mast.  The  purpose  of  this 
test  was  to  determine  the  ability  of  the  system  to  distinguish  between 
a  hazard  and  a  non-hazard  right  next  to  it. 


When  the  height  of  the  varying  hazard  was  10  cm  or  less, 
there  should  be  a  hazard  recorded  on  both  sides  of  the  fixed  hazard. 


U"U'P!IT  V  V  VV  V?.J 


Input  file:  MDL.SI.OPF.  20 . 30 . 90 

Kil.  Or**  i*  I  I  on  Dili.*  Tim.  \ll«:  II  |  9/13  Sy  «  t  .-rn  time  I  9  ■  2*  ■  I  * 


*■*  NOOKI.I  I'AHAMKTKIIS 

liKicirr  kii.tkii  «:oki  kn:h;n  i 

Sl.orK  KII.TKII  OiKt'KICl  KNT 
I.KVKI.  OIUMINO  STKl*  TIHlKSHMI  |i  t 
SMM'K  TIIMKSIlOl.il  i 


<l.  21 

ii  .  •><» 

0.21  meters 
:i».nii  oh  hikes 


.o  *• 


o.o  * 


-1.0  ♦ 


X  v*.  Y  for 
liiiy.ji  r«l«  «>» 

'iMIl  *  I 

Numb**  r  key: 

I  --  Insufficient  data 

—  “ "  Kurihesl  return  .LT.  I .3m 

II  --  Slope  hazard 
4  --  Step  hazard 

3  --  Crosspmh  hazard 
0  Mad  data 


46 


& 


.... 

- 

- 

- 

... 

-> 

X 

0 

1 

3 

4 

Points  off  scale 

AZimrrn 

<  deg) 

RAHCE 

X 

Y 

z 

HAZARD 

TYTE 

1 

-*n . is 

N 

0 

11 

A 

2 

A 

R 

D 

S 

C  A 

T 

A 

L 

0 

c 

E 

D 

2 

-40.74 

N 

0 

II 

A 

Z 

A 

R 

D 

s 

C  A 

T 

A 

L 

0 

C 

E 

0 

:j 

-37.93 

N 

0 

II 

A 

7 

A 

M 

0 

s 

C  A 

T 

A 

0 

c 

F. 

1) 

4 

-33 . 13 

ft 

() 

II 

A 

7 

A 

M 

1) 

s 

<:  a 

T 

A 

o 

c: 

K 

0 

3 

-32.31 

ft 

0 

II 

A 

7 

A 

M 

0 

s 

t:  a 

T 

A 

o 

i; 

K 

0 

f» 

-29.30 

ft 

0 

II 

A 

7 

A 

M 

1) 

s 

C  A 

T 

A 

(1 

<; 

K 

1) 

7 

-20  .  f. 9 

ft 

o 

II 

A 

7 

A 

M 

1) 

s 

C  A 

T 

A 

(> 

c 

K 

1) 

II 

-23 . HU 

ft 

0 

M 

A 

7 

A 

M 

1) 

s 

<:  a 

T 

A 

1) 

t; 

K 

11 

9 

-21 .OH 

ft 

1) 

II 

A 

7 

A 

n 

1) 

s 

t:  a 

T 

A 

0 

c 

F. 

II 

10 

-  III.  2f> 

N 

0 

II 

A 

7 

A 

it 

0 

s 

C  A 

T 

A 

o 

0 

K 

1) 

1  1 

- 1 3.43 

rt 

0 

II 

A 

7 

A 

u 

1) 

s 

C  A 

T 

A 

II 

c 

k 

1) 

12 

12.0V 

N 

a 

H 

A 

/. 

A 

w 

ft 

s 

i:  a 

T 

A 

0 

c 

K 

ft 

i  :i 

-9 . 114 

ft 

a 

II 

A 

7 

\ 

II 

0 

s 

c  a 

r 

A 

it 

i; 

K 

ft 

1  4 

-7  .t>2 

ft 

o 

11 

A 

/ 

\ 

It 

II 

s 

t:  a 

r 

A 

it 

i; 

y 

II 

1 1 

-  4  22 

ft 

41 

(1 

A 

/ 

A 

It 

II 

s 

<:  a 

r 

\ 

it 

i; 

y 

ft 

1  <1 

-1.41 

ft 

t» 

II 

A 

/. 

A 

It 

1) 

s 

t:  a 

r 

A 

(> 

i; 

y 

II 

1? 

1  .  40 

N 

ii 

II 

A 

/. 

A 

11 

II 

s 

C  A 

r 

A 

II 

i: 

K 

11 

i  ii 

4.21 

ft 

o 

II 

A 

/. 

A 

It 

II 

s 

t:  a 

T 

V 

tt 

<; 

y 

0 

1  9 

7 . 02 

ft 

M 

II 

A 

7 

A 

It 

0 

s 

t:  a 

T 

A 

0 

i; 

K 

1) 

20 

9  .  H3 

rt 

0 

M 

A 

7 

A 

It 

0 

s 

t:  a 

T 

A 

o 

r. 

K 

1) 

21 

1  2  .  f#4 

'» 

04 

1 

99 

0 

43 

-o 

01 

s 

h 

Mzard 

•» 

23 

2 

20 

0 

49 

-0 

O! 

Cm* j*p:»  t  It  hazard 

22 

1  1  43 

ft 

o 

II 

A 

7 

A 

It 

1) 

s 

<:  a 

T 

A 

0 

y 

It 

23 

i  a .  2<» 

ft 

(1 

11 

A 

/ 

\ 

It 

0 

s 

C.  A 

T 

A 

o 

K 

|) 

24 

21  o7 

rt 

11 

H 

A 

/ 

A 

It 

II 

s 

•:  a 

1 

A 

O 

y 

II 

21 

23  ,  III! 

rt 

II 

II 

A 

/ 

A 

It 

II 

s 

t:  \ 

r 

A 

o 

V. 

II 

2*» 

Jl»  .  1.9 

ft 

o 

II 

V 

7 

A 

It 

0 

s 

t:  a 

r 

A 

(i 

y 

it 

2 .  Ill 

ft 

II 

II 

A 

7 

\ 

M 

II 

s 

t:  a 

r 

A 

() 

y 

(l 

211 

32 . 3  1 

,*i 

II 

H 

A 

/ 

A 

It 

1) 

s 

t:  a 

r 

A 

it 

K 

II 

29 

33  .  |  2 

ft 

II 

II 

A 

/ 

A 

H 

1) 

s 

<:  \ 

i 

A 

n 

K 

II 

3o 

37  93 

ft 

II 

H 

\ 

/. 

A 

\\ 

t) 

s 

t:  a 

r 

A 

ii 

K 

li 

» 1 

40  74 

rt 

II 

II 

A 

/ 

A 

It 

II 

s 

«:  a 

i 

\ 

ti 

It 

«2 

43  11 

'i 

II 

II 

\ 

/ 

A 

M 

It 

s 

<:  \ 

i 

A 

ii 

y 

D 

i 


FIGURE  20.  20  DEGREE  SLOPE  TEST  WITH  B=.90 


j  r*V. 


47 


i 


Input  MU:  f1DL.SL0PF..25.3<>.90 

File  CrcMtioii  Dm  Ir  :  THU.  AUC  II  1 903  Sy*l*m  tlrer  19:211:00 

**  ftOIIK.1.1  l*AI\AMnT.llS  ** 

HEIGHT  FILTKIl  COEFFICIENT  s 
SLOPE  Ftl.TKII  COEFFICIENT  = 

LEVEL  GROUND  STEP  THRESHOLD  = 

SI.Ol'K  TIIHKSIIOl.f)  » 


» .  2  5 
o .  90 

0.25  PIETERS 
:m.OO  DEGREES 


2.0  ♦ 


1  .0  ♦ 


4 


x  vm .  y  fop 

li»7.:ir«l!4  of 
:*  ft  •  1 


0.0  ♦ 


-l  .0  ♦ 


Kiimt***  »•  k  ••  y  ■ 

1  --  I  riMtif  t' i  «*  i  on  t  dnln 

2  **  Km*  (  Ii«*m  l  rMnrii  .  LT  .  I  .  Tun 

II  —  SIo|m*  li:i*/.;ir<l 

4  -  *  Slop  tioy.il  r«i 

5  --  »!i*o.«-«|»;i  I  h  tiar.nrd 

U  --  Hill!  .1.1  I  ;i 


0 

1 

2 

3 

A7.INTTH 

( de») 

RANCE 

X 

Y 

1 

-43.36 

N 

0 

11 

A 

z 

A 

R 

D 

S 

2 

-40.74 

N 

0 

11 

A 

7. 

A 

n 

D 

S 

3 

-37 . 93 

N 

0 

II 

A 

Z 

A 

R 

f) 

s 

4 

-33 . 1 3 

N 

0 

II 

A 

7. 

A 

R 

0 

s 

3 

-32.31 

N 

0 

II 

A 

/. 

A 

It 

1) 

s 

6 

-29 . 50 

N 

o 

II 

A 

Z 

A 

It 

D 

s 

7 

-26.69 

It 

0 

II 

A 

7. 

A 

It 

1) 

s 

o 

-23.1111 

N 

0 

II 

A 

7. 

A 

It 

D 

s 

4 

-21 .00 

N 

0 

II 

A 

7 

A 

11 

U 

s 

10 

-10.26 

ft 

0 

II 

A 

/. 

A 

It 

D 

s 

1  1 

-13.43 

ft 

0 

II 

A 

Z 

A 

It 

1) 

s 

12 

-12.64 

ft 

0 

II 

A 

Z 

A 

R 

D 

s 

13 

-9.04 

ft 

0 

II 

A 

7 

A 

It 

D 

s 

1 4 

-7.02 

N 

0 

H 

A 

7 

A 

It 

l> 

s 

1  3 

-4.22 

ft 

0 

II 

A 

7 

A 

It 

H 

s 

16 

-1  .41 

ft 

0 

II 

A 

7 

A 

It 

II 

s 

17 

1  .40 

ft 

0 

II 

A 

7 

A 

It 

I) 

s 

14 

7.02 

ft 

0 

II 

A 

Z 

A 

R 

I) 

s 

20 

4.03 

ft 

0 

II 

A 

7. 

A 

l\ 

1) 

s 

21 

12.64 

It 

0 

II 

A 

7. 

A 

n 

U 

s 

22 

13.43 

1 

72 

l 

66 

0 

46 

23 

18.26 

ft 

0 

II 

A 

Z 

A 

n 

D 

s 

24 

2!  .07 

It 

0 

II 

A 

Z 

A 

R 

n 

s 

23 

23.80 

W 

0 

11 

A 

z 

A 

R 

i> 

s 

26 

26.69 

ft 

0 

II 

A 

7. 

A 

it 

D 

s 

27 

29 . 30 

ft 

0 

II 

A 

i 

A 

R 

H 

s 

2f» 

32.31 

It 

0 

II 

A 

7 

A 

It 

U 

s 

24 

33. 12 

ft 

0 

II 

A 

7. 

A 

R 

D 

s 

30 

37.93 

It 

0 

II 

A 

7 

A 

It 

1) 

s 

31 

40.74 

ft 

0 

II 

A 

Z 

A 

n 

D 

s 

32 

43.33 

N 

0 

II 

A 

7. 

A 

i\ 

D 

s 

•>  X 

4  Points  off  scale!  0 


Z 

HAZARD 

TYPE 

c 

A 

T 

A 

L 

0 

c 

F. 

I) 

c 

A 

T 

A 

L 

0 

c 

E 

D 

c 

A 

T 

A 

0 

c 

E 

D 

<: 

A 

T 

A 

L 

<» 

0 

K 

l> 

c 

A 

T 

\ 

1. 

O 

<: 

K 

D 

c 

A 

T 

A 

L 

0 

c 

E 

D 

c 

A 

T 

A 

1. 

0 

c 

K 

1) 

c 

A 

T 

A 

1. 

o 

c 

F. 

D 

c 

A 

T 

A 

L 

0 

c 

K 

l> 

c 

A 

T 

A 

1. 

0 

t; 

K 

D 

c 

A 

T 

A 

1. 

0 

c 

K 

n 

c 

A 

T 

A 

1. 

0 

c 

E 

u 

c 

A 

T 

A 

1. 

<> 

c 

K 

II 

t: 

A 

r 

A 

1. 

t) 

«: 

K 

I) 

<: 

A 

T 

A 

1. 

o 

i; 

K 

D 

<: 

A 

T 

A 

1. 

ti 

<: 

K 

l> 

c 

A 

T 

A 

1. 

0 

<: 

K 

D 

c 

A 

T 

A 

I. 

0 

c 

E 

1) 

t: 

A 

T 

A 

1. 

(1 

c 

K 

I) 

c 

A 

T 

A 

I. 

0 

<; 

K 

1) 

-0 

.01 

S  t  «p 

»  hntnrd 

c 

A 

T 

A 

L 

0 

c 

F. 

D 

c 

A 

T 

A 

0 

c 

F. 

0 

c 

A 

T 

A 

i 

0 

c 

K 

D 

c 

A 

T 

A 

o 

G 

K 

II 

t: 

A 

T 

A 

o 

t: 

K 

l> 

t: 

A 

r 

A 

o 

t: 

F. 

II 

c 

A 

T 

A 

0 

<; 

K 

n 

c 

A 

T 

A 

L 

o 

c 

K 

II 

c 

A 

T 

A 

() 

c 

K 

D 

r. 

A 

T 

A 

o 

0 

K 

l) 

FIGURE  21. 


25  DEGREE  SLOPE  TEST  WITH  B=.90 


ci  ci  ci  ci  ci  ri  ci  ci  ci  ci  rs  n  r 


Input  file:  flDL .  SLOPE .  30  .  HO  .  90 

Kile  Crew  lion  l)n*e  :  THU.  MJG  II  1  9113 


Sya  »  cm  t  I  me 


19:29:12 


**  MODEL I  PAHAM  KTKJIS 
HEIGHT  KILTKI1  GOK.KK  I G I  ENT  * 
SLOPE  Fll.TKH  OOKKKIGIKWT  * 
LEVEL  OIUtUNIt  STEP  T1ilU.SlllH.il  * 
SLOPE  THMKSIIOl.li  * 


n.25 
II .  90 

0.23  HETFJIS 
30.00  1IK.GHK.KS 


2.0  ♦ 


I  .0  ♦ 


4 

4 


0.0  ♦  4 


4  . 


4 


•I  .0  ♦ 


X  v* .  Y  for 

«.-iin  *  | 

Humlif  r  key  : 

1  *-  Insufficient  data 

2  —  Kurtltenl  return  .  LT .  1.3m 

:j  --  Slope  h»/»ril 

4  “  -  Step  hazard 

5  *  -  Gr<»w*|»;i  I  li  hazard 

6  --  II.mI  .lain 


2.0  ♦ 


0 


- -  x 

3  4 


Points  off  scale:  0 


Azimm* 

i 


(de*) 

RANGE 

X 

Y 

7. 

11  A/A  HD  TYl’F. 

-43 . 36 

N 

0 

11 

A 

7. 

A 

n 

1) 

I* 

c 

A 

T 

A 

1.  tt 

<;  k  a 

-40.74 

N 

0 

II 

A 

/. 

A 

ii 

1) 

s 

<: 

A 

T 

\ 

I.  o 

G  K  0 

-37 . 93 

N 

1) 

II 

A 

/. 

A 

H 

It 

s 

G 

A 

T 

A 

1.  O 

G  E  It 

-33 . 1  3 

N 

0 

>1 

A 

7. 

A 

n 

It 

s 

G 

A 

T 

A 

1.  it 

G  K  It 

-32.31 

n 

0 

11 

A 

7. 

A 

K 

It 

s 

G 

A 

r 

\ 

1.  11 

G  K  1) 

-29.30 

N 

0 

II 

A 

7. 

A 

M 

1) 

s 

C 

A 

T 

A 

1.  O 

G  K  I) 

-26.69 

N 

0 

11 

A 

7. 

A 

n 

It 

s 

C 

A 

r 

A 

1.  O 

C  K  t) 

-23 .  an 

N 

0 

It 

A 

7. 

A 

ii 

1) 

s 

C 

A 

r 

\ 

1.  0 

CKO 

-2 1  -  Oil 

N 

0 

11 

A 

7. 

A 

M 

It 

s 

<: 

A 

T 

\ 

1.  o 

G  K  0 

-111.26 

N 

0 

II 

A 

7. 

A 

II 

0 

s 

c: 

A 

T 

A 

I.  o 

G  E  H 

-13.45 

N 

0 

II 

A 

/. 

A 

a 

It 

s 

G 

A 

1 

A 

1.  11 

G  K  0 

-12.64 

N 

0 

II 

A 

7. 

A 

a 

1) 

s 

0 

A 

T 

\ 

l.  It 

G  K  0 

-9.114 

1 

04 

1 

Ill 

-<» 

3  l 

0 

1  9 

s 

«*p  hazard 

-7.02 

N 

o 

II 

A 

7. 

A 

a 

1) 

s 

G 

A 

T 

\ 

1  It 

G  K  It 

-4.22 

N 

o 

II 

A 

/. 

A 

a 

It 

s 

G 

A 

1 

\ 

1.  II 

G  K.  it 

-1.41 

N 

0 

II 

A 

7. 

A 

it 

It 

s 

G 

A 

r 

A 

1.  <1 

G  K  0 

1  .40 

1 

55 

1 

55 

O 

04 

-U 

oo 

s 

«•!»  hii/.iird 

4.21 

1 

55 

1 

55 

0 

1  1 

-It 

oo 

S  l  i*  p  hazard 

7 . 02 

M 

0 

II 

A 

7. 

A 

a 

It 

s 

G 

A 

T 

\ 

1.  It 

G  E  l> 

9.aa 

N 

0 

II 

A 

Z 

A 

a 

It 

s 

C 

A 

T 

A 

1.  0 

G  K  » 

12.64 

N 

0 

II 

A 

7. 

A 

a 

It 

s 

G 

A 

T 

A 

L  0 

G  K  0 

15.43 

1 

02 

1 

76 

o 

49 

O 

1  5 

Step  hazard 

in.  26 

1 

53 

1 

47 

1* 

49 

-O 

01 

Step  ltn7.Hrd 

1 

75 

1 

66 

It 

55 

-II 

Ol 

i;rn-.i|»»ili  hazard 

21  .07 

N 

0 

II 

A 

/ 

A 

it 

It 

** 

G 

\ 

T 

A 

1.  o 

G  E  0 

23 .  mi 

N 

0 

II 

A 

7 

A 

it 

It 

s 

G 

A 

T 

A 

1.  II 

G  K.  It 

26 . 69 

N 

0 

II 

A 

7. 

A 

M 

It 

s 

C 

A 

r 

A 

1.  It 

G  E  It 

29 . 30 

N 

O 

II 

A 

7. 

A 

It 

It 

s 

G 

A 

T 

A 

1.  It 

G  K.  It 

32.31 

N 

0 

II 

A 

/. 

A 

11 

It 

s 

G 

A 

T 

A 

1.  11 

G  K  0 

33.12 

N 

0 

>1 

A 

7. 

A 

It 

It 

s 

G 

A 

T 

A 

1.  It 

G  K  0 

37.93 

N 

0 

II 

A 

/. 

A 

It 

It 

s 

G 

A 

T 

A 

1.  o 

G  K.  It 

40.74 

N 

0 

11 

A 

7 

A 

It 

1) 

s 

G 

A 

T 

A 

1.  (t 

G  K.  It 

43.33 

N 

o 

II 

A 

7 

A 

It 

It 

s 

G 

A 

T 

A 

1.  o 

G  K.  It 

FIGURE  22.  30  DEGREE  SLOPE  TEST  WITH  B=.90 


»j£Z<  jfi[lf2iW2iflL<'La,2& 


v.v.v, •• 

wL-.Wl",.  A. 


5  v.v/.-.v.y; 


49 


Input  ttDi. . SLOPE .35.00.90 

Kll  r  Cicut  I  o.i  Dnte  :  TIIU.  AUC  II  1903  System  t  im*  19:31:33 


**  MtWKU  l'ARAnnTR5 
UK  I CIIT  KILTKII  COKmCI  KNT  • 
SLUI'K  FILTKK  COm  iCIKIHT  * 
I.KVKI.  CHOU NO  STKI'  THIVKSIIOlJt  = 
SLOPE  THIIKSIIOU)  * 


0.23 
o .  90 

0.23  nnrju? 

30.00  HKCltKKS 


2.9  * 


-l  .0  «■ 


44 

4 

4 


X  vm.  Y  for 
Luvuird*  Ml' 

•  I 

Numl..*r  key? 

1  —  I  nsii  f  f  i  «*  I  en  t  dmn 

2  *■  F.ii*  i  li«*  mi  return  .  I.T. 

3  —  Slope  li:ivi;«r«l 

4  --  Step  liti/;iril 

3  —  (*roM«|i;t  l  )i  liu/iird 
6  —  IV. . tl  ;«l  » 


-2.0  ♦ 


— — 

— 

— 

... 

— 

... 

... 

-> 

X 

0 

I 

2 

3 

4 

Point}*  off 

AZinvni 

l  <le«) 

RAHCE 

X 

Y 

7 

IIAZAni)  TYPE 

i 

-43 . 36 

ti 

0 

II 

A 

7.  A 

A 

0 

S 

c 

A 

T 

A 

1.  O  0  K  It 

2 

-40.74 

« 

0 

K 

A 

7  A 

n 

r> 

S 

c 

A 

r 

A 

1.  «  C  K  1) 

il 

-37.93 

0 

II 

A 

Z  A 

n 

i) 

s 

c 

A 

T 

A 

t.  u  t;  \\  u 

4 

-33.13 

n 

0 

II 

A 

7  A 

0 

i) 

s 

c 

A 

r 

A 

i.  ti  <;  k  n 

3 

-32.31 

ti 

0 

(1 

A 

7.  A 

K 

0 

s 

c 

A 

T 

A 

i.  •»  t:  k  it 

6 

-29 . 30 

n 

0 

II 

A 

7.  A 

0 

i) 

s 

c 

A 

T 

A 

1.  tt  C  K  It 

7 

-26.69 

n 

0 

II 

A 

7.  A 

n 

D 

s 

c 

A 

T 

A 

i.  u  <:  v.  i) 

0 

-23 . on 

pi 

0 

II 

A 

7  A 

M 

1) 

s 

c 

A 

T 

A 

1  o  C.  K  [) 

9 

-21  on 

n 

o 

II 

A 

7  A 

0 

0 

s 

c 

A 

T 

A 

i.  tt  <:  k  it 

IO 

-10.26 

w 

0 

II 

A 

Z  \ 

0 

l> 

> 

t: 

A 

r 

V 

i.  «*  «:  k  o 

1  1 

-15. 43 

ti 

o 

0 

A 

Z  A 

0 

It 

s 

t; 

A 

r 

\ 

i  o  t:  k  o 

1  2 

-12.64 

ti 

o 

II 

A 

7.  A 

u 

It 

s 

<: 

A 

A 

i.  tt  <:  k  o 

13 

-9.04 

l 

02 

79 

-0 

3  1 

o 

2? 

Step  hnr.nrH 

14 

-7 .02 

l 

51 

1 

5o 

-o 

1  9 

It 

i»7 

>  1  •  |»  »«.*•/  ;i  t-.l 

1  3 

-4.22 

ti 

o 

II 

A 

/  A 

0 

It 

S 

c 

A 

r 

A 

i  o  «:  k  it 

1 1» 

-1  .41 

\ 

51 

1 

5  1 

04 

It 

Oft 

Slip  lt.1  •/,  ;i  r  il 

1  7 

1  .40 

1 

5 1 

1 

5  1 

04 

<) 

07 

Step  li. iy.it  r.l 

in 

♦  21 

1 

63 

1 

62 

12 

0 

2: 

Step  It. tv.. ini 

19 

7.02 

ti 

0 

fl 

A 

7  A 

n 

0 

s 

c 

A 

T 

A 

1.  <i  t;  K  It 

20 

9 . 03 

1 

51 

1 

49 

26 

o 

07 

Step  It. iy.:» r«l 

2  1 

12.64 

ti 

O 

II 

A 

7.  A 

u 

It 

s 

<; 

A 

T 

A 

I.  tt  t;  y.  o 

22 

13.45 

ti 

0 

II 

A 

7  A 

0 

It 

s 

c 

A 

r 

A 

i.  o  t;  k  it 

23 

111.26 

\ 

61 

33 

0 

30 

0 

07 

Step  hiiznril 

I 

73 

66 

0 

35 

0 

07 

KroMMpa  i  li  Imrnrd 

24 

21.07 

ti 

0 

0 

A 

Z  A 

IV 

D 

s 

c 

A 

T 

A 

i.  tt  t;  k  it 

23 

23.00 

ti 

0 

H 

A 

7.  A 

0 

It 

s 

c 

A 

r 

A 

i.  tt  t:  k  it 

20 

26 , 69 

ti 

0 

0 

A 

7.  A 

II 

It 

s 

c 

A 

r 

\ 

i.  o  <:  k  i» 

27 

29 . 30 

N 

0 

0 

A 

7.  A 

H 

It 

s 

c 

A 

T 

\ 

i  <t  <;  k  n 

211 

32.31 

fl 

0 

If 

A 

7.  A 

0 

1) 

s 

c 

A 

1 

\ 

i.  <t  <;  r.  it 

29 

33 . 12 

r« 

0 

\t 

A 

7.  A 

n 

It 

s 

r. 

■\ 

T 

A 

t.  o  t:  t.  tt 

30 

37 . 93 

pt 

o 

II 

A 

7.  A 

M 

It 

s 

t: 

A 

T 

A 

i  tt  t;  k  it 

31 

40 . 74 

ti 

0 

11 

A 

7  A 

11 

1) 

s 

<: 

A 

r 

A 

f.  tt  i:  k  it 

32 

43 . 55 

a 

o 

II 

A 

7.  A 

IV 

It 

s 

t: 

A 

r 

A 

i  tt  i;  i  it 

I  .  3m 


FIGURE  23.  35  DEGREE  SLOPE  TEST  WITH  B=.90 


01 


a 

I 


50 


input  m»>:  nr>L.  slope.  2ft.  30.  H5 

Kile  Cl .  lo„  !)*lr  :  T1IU .  AUC  II  I  9R3  System  tine  10:41:05 


**  miiiK.u  i*AiiAnn‘Kiis 
HEIGHT  K I  t.TKII  gokkkigiknt  - 
SI  ,OI* VI  Kll.TKII  GltKKK  1 1'  1  KNT  * 

i.kvk.i.  «;tiotmi>  step  nm esiii h.i>  = 

Sl.iM'K  TIIHKSIIOI.il  S 


0.25 

0.115 

0.25  METERS 
:io  oo  OKGJIEES 


2.0  ♦ 


1.0  ♦ 


0.0  * 


-I  .0  ♦ 


X  V*.  Y  for 

.  .  Imv.nrd*  «♦*’ 

4  3  •  I 

number  k«*y: 

1  **  I  n«ii  i*  f  i  «•  i  en  I  dntn 

2  —  Kurt  !»«•*•  I  return  .LT.  1.3m 

.  .  :i  —  Slop**  liiiy.iirH 

4  -  -  Step  liiiy.ii  r<i 

.  3  ~ ~  Gro««p;«  t  It  l»:ixnrd 

ft  --  11:.. I  .l.i  t;i 


0 

1 

2 

3 

•> 

4 

X 

Point*  off  *cn 

.imrnt 

RAWCE 

X 

Y 

7. 

RA7 -AR!>  TYPE 

i 

-43 . 56 

n 

0 

a  a 

z 

A 

R 

D 

s 

c 

A 

T 

A 

u 

() 

0 

K  D 

o 

-40.74 

n 

0 

II  A 

z 

A 

R 

0 

s 

c 

A 

T 

A 

O 

C 

K  0 

3 

-37.43 

n 

0 

II  A 

z 

A 

R 

n 

s 

c 

A 

T 

A 

o 

G 

V.  o 

4 

-33. 13 

n 

0 

II  A 

z 

A 

H 

a 

s 

G 

A 

T 

A 

() 

<: 

K  0 

3 

-32.31 

n 

0 

II  A 

7. 

A 

II 

0 

s 

<: 

A 

T 

A 

I. 

o 

G 

K  1) 

6 

-24.30 

N 

0 

II  A 

7 

A 

a 

0 

s 

c 

A 

T 

A 

L 

0 

G 

K  a 

7 

-26.64 

M 

0 

11  A 

7. 

A 

a 

a 

s 

c 

A 

T 

A 

L 

0 

0 

K  It 

11 

-23. aa 

N 

0 

II  A 

7 

A 

a 

a 

s 

<: 

A 

A 

1. 

(t 

G 

K  It 

•I 

-21 .OH 

n 

o 

II  A 

V. 

A 

a 

a 

s 

i: 

A 

A 

1. 

o 

G 

K  It 

IO 

-  1 1* .  26 

n 

0 

II  A 

/. 

A 

a 

a 

s 

<: 

A 

> 

1. 

II 

G 

K  It 

1  1 

-13. 45 

N 

I) 

11  A 

7. 

A 

a 

it 

s 

i: 

A 

T 

A 

1. 

o 

G 

K  It 

1  2 

-12.64 

N 

o 

H  A 

7 

A 

a 

it 

s 

i: 

A 

T 

A 

1. 

It 

G 

K  0 

i  :i 

-4. 114 

N 

0 

II  A 

7 

A 

a 

it 

s 

i: 

A 

T 

A 

1. 

It 

G 

r.  It 

1  4 

-7 . 02 

n 

0 

II  A 

/ 

A 

a 

it 

s 

i: 

A 

T 

\ 

1. 

<1 

G 

K  H 

15 

-4 . 22 

n 

0 

If  A 

7 

A 

a 

a 

s 

i: 

A 

A 

1. 

(t 

G 

i:  a 

Iff 

-1  .41 

N 

0 

II  A 

7 

A 

a 

it 

s 

G 

A 

A 

1. 

o 

G 

K  It 

17 

1  .40 

n 

0 

II  A 

Z 

A 

a 

a 

s 

G 

A 

T 

A 

1. 

It 

C 

k  a 

it* 

4.21 

N 

0 

II  A 

7 

A 

a 

a 

s 

G 

A 

A 

1. 

o 

G 

K.  It 

i  •> 

7 . 02 

n 

0 

11  A 

7 

A 

a 

it 

s 

G 

A 

r 

A 

1. 

•  t 

G 

K  It 

20 

4.1*3 

n 

o 

II  A 

7 

A 

a 

it 

s 

•: 

A 

1 

A 

1 

It 

G 

K  It 

21 

12.64 

»» 

04 

1 

44 

0 

45 

-o 

01 

s 

**1 

hazard 

25 

•* 

20 

0 

44 

-0 

01 

Grit** |»;t  l  )i  hnr.nrd 

0*1 

1  3 . 45 

« 

0 

II  A 

7 

A 

a 

l) 

s 

G 

A 

T 

A 

1. 

n 

G 

E  It 

23 

111.26 

n 

0 

II  A 

7 

A 

a 

t> 

s 

c 

A 

T 

A 

1. 

o 

G 

K  It 

24 

21.07 

n 

0 

\\  A 

7 

A 

a 

0 

s 

G 

A 

T 

A 

1. 

0 

C 

k  a 

23 

23  .  HI) 

n 

0 

II  A 

7 

A 

a 

It 

s 

G 

A 

T 

A 

1. 

(t 

K  It 

24 

26.64 

N 

0 

II  A 

7 

A 

a 

It 

s 

C 

A 

A 

1. 

it 

G 

k  a 

27 

24 . 50 

n 

0 

H  A 

7 

A 

a 

0 

s 

G 

A 

T 

A 

1. 

o 

k  a 

211 

32.31 

n 

o 

11  A 

7 

A 

a 

It 

s 

c 

A 

A 

1. 

n 

K  It 

20 

33.12 

N 

o 

II  A 

7 

A 

a 

It 

s 

G 

A 

A 

1. 

it 

K  It 

30 

37 . 43 

n 

0 

II  A 

7. 

A 

a 

It 

s 

0 

A 

A 

1. 

o 

v.  a 

31 

40 . 74 

N 

0 

II  A 

7 

A 

a 

1) 

s 

G 

A 

r 

A 

1. 

o 

K  a 

32 

43 . 55 

n 

II 

II  A 

/ 

\ 

a 

It 

s 

i , 

A 

r 

\ 

1 

II 

1  0 

FIGURE  24.  20  DEGREE  SLOPE  TEST  WITH  B=.85 


Input  file:  fWL.SL0PK.25  .  HO  .IIS 

rile  C  re  h  l  I  on  Da  t  e  :  THU.  AUti  II  1903 


Sys  t  fw  time 


I9:4| : 44 


**  nouki.i  i*miamktkrs 
HKicirr  rn.TKit  caKKKiciKftT  = 
SI.OI'K  KII.TFJI  COKKK Mil  knt  = 
I.KVKL  STKP  milK>IIOLI>  * 

SLOPK  THIlKSHOLt) 


0.23 

o .  an 

0.23  flKTKHS 
JO .  m>  DKCHKKS 


2.9  ♦ 


1.0  ♦ 


4 

4 


0.0  ♦  4  . 


-I  .0  ♦ 


X  v» .  Y  for 
hnvtsirds  wf 
acuu  m  l 


ft  urn  be r  kry : 

1  —  I  n«u  »‘  I'  i  r  I  en  t  rfnta 

2  --  Furthest  return  -LT.  I  .  5m 

3  - ~  Slope 

4  -  -  Step  H:iv.;tri| 

3  --  tiros*  pa  l  li  liav.ard 
6  --  lliitl  *la  l  a 


-2.0 


->  X 

4 


Points  off  scale:  0 


A7.immi 

«*•«» 

lUItGE 

X 

Y 

7. 

HAZARD 

TYPK 

i 

-43.34 

It 

0 

>i 

A 

2  A 

R 

D 

S 

c 

A 

T  A 

L 

(> 

C  K 

!> 

2 

—40 . 74 

ft 

0 

a 

A 

'L  A 

K 

D 

s 

c 

A 

T  A 

L 

0 

t;  k 

a 

a 

-37 . 93 

ft 

0 

a 

A 

7.  A 

II 

l> 

s 

c 

A 

T  A 

1. 

0 

G  K 

a 

4 

-33.13 

ft 

o 

a 

A 

Z  A 

II 

l> 

s 

c 

A 

r  A 

1. 

a 

<:  k 

a 

a 

-32 . 3 1 

ft 

a 

a 

A 

Z  A 

II 

1) 

s 

t: 

A 

T  A 

1. 

a 

t;  k 

a 

6 

-29.50 

ft 

o 

a 

A 

Z  A 

It 

11 

s 

<: 

A 

I*  A 

1. 

a 

<;  k 

a 

7 

-26.69 

ft 

0 

a 

A 

Z  A 

It 

D 

s 

c 

A 

r  \ 

|. 

a 

<:  k 

i> 

a 

-23.1111 

ft 

0 

H 

A 

7  A 

It 

a 

s 

t: 

A 

T  A 

1. 

a 

t:  k 

a 

4 

-21  oa 

ft 

ti 

a 

A 

/.  A 

ft 

u 

s 

t: 

A 

T  A 

1. 

a 

t:  k 

a 

to 

-  1 II .  26 

ft 

o 

M 

A 

7  A 

It 

0 

s 

<: 

A 

T  A 

1. 

ii 

• :  k 

n 

1 1 

-13.43 

It 

o 

II 

A 

Z  A 

It 

0 

s 

«: 

A 

r  A 

1. 

n 

«:  k 

a 

12 

-I2.64 

ft 

a 

>1 

A 

7  A 

It 

a 

s 

i: 

A 

1  A 

1. 

a 

t:  k 

a 

13 

-9.04 

ft 

0 

It 

A 

7  A 

U 

i> 

s 

c 

A 

r  \ 

1. 

a 

r.  k 

a 

14 

-7.02 

ft 

a 

il 

A 

/.  A 

.1 

ii 

s 

i: 

A 

r  a 

1. 

a 

«:  r. 

a 

1  5 

-4 . 22 

ft 

a 

II 

A 

7  A 

II 

0 

s 

ti 

A 

r  \ 

1. 

a 

i;  k 

a 

1  (• 

-1.41 

ft 

a 

II 

A 

7  \ 

It 

i> 

s 

i; 

A 

T  \ 

1. 

a 

«;  k 

a 

17 

1 . 40 

1 

.114 

1  . 

.114 

o . 

,05 

0 

1  ** 

St 

en  hitr.nrd 

19 

7.02 

ft 

0 

II 

A 

/.  A 

n 

1) 

s 

C 

A 

T*A 

L 

a 

0  K 

a 

20 

9.U3 

ft 

0 

II 

A 

Z  A 

a 

l> 

s 

c 

A 

T  A 

1. 

a 

<:  k 

a 

21 

12.64 

ft 

0 

II 

A 

Z  A 

it 

n 

s 

t: 

A 

r  \ 

1. 

a 

0  K 

a 

13.43 

1  . 

72 

1  . 

66 

o . 

46 

-o. 

,oi 

Slop  h:iv.nr<l 

23 

18.26 

ft 

0 

il 

A 

7  A 

ft 

1) 

s 

i: 

A 

T  A 

1. 

0 

«;  k 

a 

24 

2!  .07 

ft 

0 

II 

A 

7.  A 

it 

1) 

s 

c 

A 

T  A 

1. 

0 

<;  k 

a 

23 

23. 8H 

ft 

0 

H 

A 

2  A 

ft 

0 

s 

c 

A 

T  \ 

L 

a 

t;  »*. 

0 

26 

26.69 

It 

0 

II 

A 

7  A 

it 

f) 

s 

c 

A 

T  A 

1. 

a 

C  F. 

a 

27 

29.30 

It 

0 

a 

A 

2  A 

it 

D 

s 

c 

A 

T  A 

!. 

0 

<:  k 

a 

2a 

32.31 

It 

0 

a 

A 

7.  A 

it 

1) 

s 

t; 

A 

r  a 

1. 

n 

<:  k 

a 

29 

33.12 

M 

a 

a 

A 

7  A 

u 

a 

s 

c 

A 

T  A 

1. 

a 

t;  k 

a 

JO 

37.93 

It 

0 

ii 

A 

Z  A 

it 

a 

s 

<: 

\ 

r  a 

1. 

a 

C  K 

a 

31 

40.74 

ft 

a 

ii 

A 

7.  A 

it 

a 

s 

<: 

A 

r  a 

1. 

a 

t;  k 

a 

32 

43 . 33 

ft 

a 

a 

\ 

7.  A 

a 

a 

*■» 

i; 

A 

1  A 

1. 

a 

<;  k 

a 

FIGURE  25  .  25  DEGREE  SLOPE  TEST  WITH  B=.85 


52 


Input  file:  HUL.  SLOPE .  30  .  HO  .  03 

Kiln  Creation  Date  THU .  AUG  II  1903  Syslrn  time  19*42*39 


I 


**  flODF.Ll  PARAMETERS 
HEIGHT  FILTER  COEKK I  Cl  ENT  « 
SLOPE  FILTEH  COEFFICIENT  * 
LEVEL  CHOU  NO  STEP  Til  IIESIJ  01.0  * 
SLOPE  Tllll ESI IOLO  * 


0.25 

0.05 

0.25  METERS 
30.00  IIKGHKKS 


2.®  ♦ 


I  .0  ♦ 


44  4 
4 

44 

4 


-I  .0  ♦ 


X  v*.  Y  fftr 
liH/.iirdi  »)' 
a  o  >i  n  •  1 

Number  key! 

1  —  I  n«cii  f  f  I  c  I  en  l  data 

2  —  Furthest  return  .LT.  1.3m 

3  --  Slope  hararjl 

4  —  Step  liuxNnl 

5  —  Croats  pit  t  li  hazard 

6  —  l):id  d  si  I  it 


0 

2 

3 

4 

Points  off  seal 

urorr 

(d«g) 

RANGE 

X 

Y 

z 

HAZARD  TYPE 

i 

-43 . 36 

N 

0 

H 

A 

z 

A 

R 

D 

S 

c 

A 

T 

A 

1. 

O 

<; 

F.  1) 

2 

-40.74 

N 

0 

11 

A 

7. 

A 

R 

0 

s 

c 

A 

T 

A 

L 

() 

<: 

K  D 

3 

-37 . 93 

N 

0 

II 

A 

Z 

A 

H 

n 

$ 

c 

A 

T 

A 

L 

0 

c 

E  l» 

4 

-33. 13 

N 

0 

It 

A 

7. 

A 

H 

0 

s 

c 

A 

T 

A 

L 

0 

G 

K  1> 

3 

-32.31 

N 

0 

H 

A 

7. 

A 

R 

0 

s 

c 

A 

T 

A 

l. 

(1 

<; 

E  0 

4 

-29 . 30 

N 

0 

II 

A 

7. 

A 

n 

ii 

s 

c 

A 

T 

A 

1. 

<> 

0 

K  l> 

7 

-26.69 

N 

0 

II 

A 

7. 

A 

R 

0 

5 

c 

A 

T 

A 

1. 

0 

G 

E  0 

0 

-23.041 

N 

0 

II 

A 

Z 

A 

n 

D 

S 

c 

A 

T 

A 

L 

o 

G 

E  D 

9 

-21  .00 

N 

0 

II 

A 

Z 

A 

R 

D 

s 

c 

A 

T 

A 

L 

0 

C 

E  D 

10 

-18.26 

N 

0 

11 

A 

Z 

A 

R 

D 

s 

c 

A 

T 

A 

L 

0 

C 

E  U 

1  1 

-13.43 

N 

0 

II 

A 

Z 

A 

n 

I) 

s 

c 

A 

T 

A 

1. 

0 

C 

F.  0 

1  2 

-12.64 

N 

0 

II 

A 

7. 

A 

ii 

1) 

s 

c 

A 

T 

A 

1. 

n 

t: 

F.  0 

i:i 

-9.04 

t 

.114 

1 

.Ill 

-o 

.31 

O 

.  1  9 

St.-P 

rd 

14 

-7.02 

1 

.  61 

1 

.  60 

-o 

20 

O. 

.  04 

Sl«*,» 

I’ll 

1  5 

-4 . 22 

N 

0 

II 

A 

z 

A 

li 

1) 

s 

c 

A 

T 

A 

1. 

0 

G 

K  0 

14 

-1  .41 

1 

.61 

1  . 

.61 

-0 

.04 

0 

.04 

Step 

hazard 

17 

1  .40 

1 

.61 

1  . 

.61 

0 

.04 

0 

.05 

> 

t  ep 

liuvCii  rd 

1 

.73 

1  . 

73 

0 

.04 

0 

.  Ill 

s 

tap 

Ultra  rd 

in 

4.21 

1 

.61 

1  . 

.61 

0 

.12 

0 

.03 

s 

lap 

hazard 

19 

7.02 

N 

0 

II 

A 

Z 

A 

R 

D 

S 

c 

A 

T 

A 

L 

0 

G 

E  D 

20 

9.83 

N 

0 

H 

A 

7 

A 

R 

D 

s 

c 

A 

T 

A 

L 

0 

C 

E  D 

21 

12.64 

N 

0 

II 

A 

Z 

A 

R 

l> 

s 

c 

A 

T 

A 

1. 

0 

G 

F.  0 

22 

13.43 

1  . 

.61 

1  . 

33 

0. 

43 

0. 

,04 

Step 

linrnrd 

1 

.82 

1 

.76 

0 

.49 

0 

.  IS 

Step 

hnrnrd 

23 

10.26 

1 

.33 

1  . 

,47 

0 

49 

*0, 

01 

Step 

hazard 

1 

.73 

1 

.66 

0 

.33 

■0 

.01 

Crosspath  hazard 

24 

21.07 

N 

0 

H 

A 

Z 

A 

R 

0 

S 

c 

A 

T 

A 

L 

0 

C 

F.  1) 

23 

23.08 

N 

0 

II 

A 

Z 

A 

n 

D 

S 

c 

A 

T 

A 

1. 

0 

C 

K  0 

24 

26.69 

N 

0 

11 

A 

7 

A 

It 

1) 

S 

c 

A 

T 

A 

1 

O 

G 

K  0 

27 

29.30 

N 

0 

II 

A 

7 

A 

n 

t) 

S 

c 

A 

T 

A 

1. 

0 

C 

K  0 

2n 

32.31 

N 

0 

II 

A 

7 

A 

n 

D 

S 

0 

A 

T 

A 

1. 

n 

G 

F.  0 

29 

33.12 

N 

0 

II 

A 

7 

A 

ii 

1) 

s 

c 

A 

T 

A 

1. 

o 

i; 

E  0 

30 

37 . 93 

N 

0 

II 

A 

/. 

A 

ii 

f> 

s 

c 

A 

T 

A 

1. 

o 

G 

F.  0 

3  t 

40.74 

N 

0 

H 

A 

7. 

A 

n 

l) 

s 

c 

A 

T 

A 

1. 

o 

r. 

K  1> 

32 

43 . 33 

N 

0 

II 

A 

7 

A 

>i 

I) 

s 

c: 

A 

T 

A 

1. 

0 

G 

K  0 

FIGURE  26  .  30  DEGREE  SLOPE  TEST  WITH  B=.85 


fi 

S 


i 


v-v 


53 


Input  MW:  ttDL.SL0PE.33. 30 .89 

Tile  Cren  t I  on  Oft i e  :  THU.  AUC  II  1  9B3  System  tine  19:43:13 

**  MODEL I  PARAMETERS  ** 

HEIGHT  P I  LTKII  COKPPICI  KMT  *  0.23 

SLOPE  PI  LTKII  COEFFICIENT  ■  0.113 

LEVEL  CHOU D  STEP  THRESHOLD  •  0.23  METERS 

SLOPE  THRESHOLD  «  30.00  DECREES 


1.0  ♦ 


0.0  ♦ 


-1  .0  ♦ 


4  3  ! 

.  433 

4  44 
.  44  4 

4 


X  v*.  Y  for 
hazards  of 
ac»  •  1 

Ifuiber  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT.  1.3m 

3  —  Slope  hazard 

4  —  Step  hazard 

3  —  Croaapaih  hazard 
6  —  Bad  data 


0 

1 

2 

3 

4 

Points  off  acaW 

1UTH 

<<£«> 

RANCE 

- 

X 

Y 

z 

HAZARD  TYPE 

1 

-43.36 

N 

0 

II 

A 

Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  D 

2 

-441 . 74 

ft 

O 

II 

A 

/.  A 

R 

n  s 

c 

A  T  A 

L 

O  C  K  i> 

3 

-37 . 93 

N 

0 

II 

A 

7.  A 

R 

D  S 

c 

A  T  A 

L 

0  C  K  D 

4 

-33.13 

N 

0 

If 

A 

Z  A 

H 

n  s 

c 

A  T  A 

L 

0  C  K  D 

3 

-32.31 

ft 

0 

H 

A 

Z  A 

R 

0  s 

c 

A  T  A 

L 

0  C  E  D 

6 

-29 . 30 

ft 

0 

H 

A 

Z  A 

R 

D  s 

c 

A  T  A 

L 

0  C  E  0 

7 

-26 . 69 

ft 

0 

u 

A 

Z  A 

R 

0  s 

c 

A  T  A 

U 

0  C  E  0 

a 

-23 . 80 

It 

0 

II 

A 

Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  D 

9 

-21 .08 

N 

0 

II 

A 

7.  A 

R 

r>  s 

c 

A  T  A 

L 

O  C  E  D 

to 

-  1 H . 26 

It 

0 

II 

A 

Z  A 

It 

0  s 

c 

A  T  A 

1. 

0  C  K  D 

1  1 

-13.45 

N 

0 

It 

A 

7.  A 

n 

D  s 

c 

A  T  A 

I. 

0  C  E  D 

12 

-12.64 

ft 

0 

11 

A 

Z  A 

R 

l>  s 

c 

A  T  A 

L 

0  C  E  D 

13 

-9.34 

30 

1 

28 

-0.22 

-0.03 

Step  hazard 

31 

1 

49 

-0.26 

0.07 

Step  hazard 

1 

82 

1 

79 

-0.31 

0.27 

Step  hazard 

14 

-7.02 

26 

I 

23 

-0.13 

-0.14 

Step  hazard 

1 

31 

1 

30 

-0.19 

0.07 

Step  hazard 

13 

—4 . 22 

31 

1 

3 1 

-0 . 1  1 

0.04 

Step  IimzhimI 

31 

1 

31 

-O .  II 

0.04 

Step  laiizierd 

14 

-1.41 

1 

30 

1 

30 

-0 . 03 

-0.03 

Step  hazard 

1 

3  1 

1 

3 1 

-0.04 

0.06 

Step  hazard 

17 

1  .40 

l 

3 1 

1 

31 

0.04 

0.07 

Step  hazard 

1 

63 

1 

62 

0.04 

0.23 

Step  hazard 

m 

4.21 

36 

1 

36 

0.  II 

0.  in 

Slope  hazard 

1 

63 

1 

62 

0.12 

0 . 23 

SI  ope  hazard 

1 

72 

1 

72 

0. 13 

0.30 

Slope  hazard 

19 

7 . 02 

1 

31 

1 

30 

0  .  t  9 

0.06 

Step  hazard 

20 

9.II3 

3  1 

49 

0.26 

0.07 

>  t  e  p  hazard 

21 

12-44 

9 

O 

II 

Z  A 

R 

0  s 

C 

a  r  a 

L 

O  G  >.  It 

22 

13.43 

It 

0 

H 

A 

Z  A 

It 

0  s 

c 

A  T  A 

L 

0  C  K  0 

23 

1 II .  24 

1 

41 

33 

O  .  30 

O  .  07 

Slap  hazard 

1 

7  3 

46 

t» .  33 

0.07 

Croa*|»aih  hazard 

24 

21  .07 

M 

0 

II 

Z  A 

n 

0  S 

G 

A  T  A 

L 

0  U  E  l> 

23 

23 .1111 

N 

O 

II 

Z  A 

it 

0  s 

G 

A  T  A 

1. 

0  <:  k  it 

24 

24  .  69 

N 

0 

II 

Z  A 

it 

0  s 

1; 

A  T  A 

1. 

0  <;  k  n 

27 

29 . 30 

9 

O 

II 

Z  A 

H 

l»  s 

c 

A  T  A 

1. 

0  «;  e  it 

211 

32 . 3t 

It 

O 

II 

A 

7.  A 

It 

It  s 

1: 

A  T  \ 

1. 

<t  <:  k  i> 

20 

33.12 

ft 

O 

II 

Z  A 

It 

It  s 

t; 

A  r  A 

1. 

0  »:  y  0 

30 

37 . 93 

N 

0 

H 

A 

Z  A 

H 

1)  s 

c 

A  T  A 

1. 

0  0  K  0 

31 

40.74 

ft 

O 

II 

Z  A 

It 

It  s 

c 

A  T  A 

1. 

0  C  K  0 

32 

43 . 33 

ft 

0 

II 

Z  A 

It 

It  s 

c 

A  T  A 

1. 

It  c  K  It 

! 


1 


FIGURE  27.  35  DEGREE  SLOPE  TEST  WITH  B=.85 


When  the  height  of  the  varying  height  obstacle  was  between  15  to  20 
cm,  there  should  be  only  step  hazards  detected  on  the  non-contacting 
edge  of  the  fixed  obstacle.  This  is  because  the  height  difference 
between  the  two  obstacles  does  not  constitute  a  hazard.  As  soon  as 
the  height  of  the  varying  obstacle  was  20  cm  (8  in)  or  greater  than 
the  fixed  obstacle,  there  should  be  step  hazards  detected  on  all  sides 
of  the  large  hazard.  Some  results  are  given  in  Figures  28,  29,  and 
30.  Complete  results  are  given  in  Appendix  Section  7.2.3.  As 
expected,  with  relatively  large  differences  between  the  fixed  and  the 
unfixed  hazard,  there  was  a  crosspath  hazard  catalogued  by  the 
modeler.  When  this  difference  became  less  than  20  cm  (8  in),  the 
crosspath  hazard  disappeared.  As  the  varying  hazard  reached  a 
height  of  25  cm  (10  in),  a  step  hazard  was  generated.  These  were 
exactly  the  results  that  were  desired. 

4.4  Parallel  Obstacles  Tests 

Another  test,  which  uncovered  a  modeler  deficiency,  was  a  test 
of  the  modeler’s  ability  to  detect  the  existance  of  a  hazard  when  the 
vehicle  cannot  pass  between  2  step  hazards.  Two  obstacles  31  cm  (12 
in)  wide  and  185  cm  (72  in)  long  were  placed  parallel  to  each  other 
about  1  meter  from  the  mast.  The  distance  between  them  was  varied 
from  150  to  100  cm  in  10  cm  steps  (59  to  39  in  in  4  in  steps).  This 
type  of  hazard  would  be  encountered  if  the  terrain  included  a  narrow 
pass  that  had  to  be  traversed. 
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FIGURE  28.  TWO  OBSTACLES  TEST:  HEIGHTS  AT  0  AND  35  CM 
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FIGURE  29.  TWO  OBSTACLES  TEST:  HEIGHTS  AT  20  AND  35  CM 
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FIGURE  30.  TWO  OBSTACLES  TEST:  HEIGHTS  AT  35  AND  35  CM 


Some  of  the  results  are  shown  in  Figure  31  with  others  found 
in  Appendix  Section  7.2.4.  Given  that  the  vehicle  is  135  cm  wide  at 
its  widest  point,  any  path  created  whose  width  were  less  than  this 
would  have  to  be  declared  unsafe.  This  is  something  that  the  modeler 
does  not  test  for,  therefore,  a  path  selection  algorithm  would  have  to 
determine  that  this  situation  were  a  hazard.  A  path  selection 
algorithm  was  not  used  during  any  of  these  tests. 

4.5  Insufficient  Data  Retu rned  T ests 

To  show  the  modeler's  ability  to  recognize  the  condition  when 
less  than  one-fourth  of  the  total  number  of  returns  for  a  particular 
azimuth  are  received,  a  large  obstacle  was  placed  in  front  of  the  mast 
which  would  effectively  block  most  of  the  returns  for  several  of  the 
azimuths.  Similarly,  an  obstacle  was  set  up  to  prevent  returns  from 
distances  greater  than  1.5  meters,  from  the  mast,  from  reaching  the 
detectors.  The  results  of  these  tests  are  shown  graphically  in  Figures 
32  and  33,  and  respectively. 

4.6  Range  Tests 

To  help  determine  how  well  the  vision  system  can  determine  the 
range  of  hazards,  ranging  tests  were  performed.  A  single  obstacle  30 
by  30  cm  was  placed  at  in  front  of  the  mast  at  distances  ranging 
from  40  to  230  cm  (16  to  90  in)  in  10  cm  (4  in)  increments.  The 
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FIGURE  31.  PATH  OBSTACLE  TEST  WITH  1  METER  SEPARATION 
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results  for  3  of  these  distances  appear  in  Figures  34,  35,  and  36 
with  complete  results  in  Appendix  Section  7.2.5. 

The  results  for  the  obstacle  when  very  close  to  the  mast 

included  only  the  falling  edges  in  each  case.  As  can  be  seen,  the 
calculated  range  of  all  of  these  falling  edges  was  about  25  cm  (10  in) 
further  from  the  mast  than  their  actual  occurances.  This  can  probably 
be  attributed  to  a  couple  of  factors.  First,  the  filtering  of  the  data 
would  tend  to  slow  down  the  variations  and  the  fact  that  the 

calculations  are  made  in  increasing  range  would  lend  support  to  this 
arguement.  The  other  factor  is  the  orientation  of  the  detectors  with 

respect  to  the  hazard.  They  cannot  "see"  directly  behind  the  obstacle 

and  only  when  they  receive  returns  can  a  definite  hazard 
determination  be  made. 

As  the  obstacle  was  placed  further  and  further  away,  the  rising 
edge  was  detected.  Like  the  falling  edge,  it  was  also  detected  to  be 
about  25  cm  further  than  it  was.  This  fact  lends  support  to  the  idea 

that  the  filtering  has  an  effect  in  the  determination  of  a  hazard.  The 

fact  that  the  detected  positions  were  always  approximately  the  same 
distance  from  being  correct  suggests  that  it  should  be  possible  to 
correct  for  this  effeect  in  software.  This,  unfortunately,  was  not 

attempted . 

Finally,  once  the  obstacle  was  at  230  cm  (90  in)  or  greater,  it 
was  no  longer  detected  as  a  hazard.  This  implies  that  the  useful 
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range  for  the  determination  of  step  hazards  was  less  than  this.  Also, 
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12,  14  in).  In  each  case,  the  distance  from  the  edge  of  the  hole  to 
the  mast  was  86  cm  (34  in).  Results  from  the  hole  tests  are  given  in 
Appendix  Section  7.2.6.  For  the  discussion  that  follows,  references  to 
the  falling  edge  are  to  the  edge  closest  to  the  mast,  and  references 
to  the  rising  edge  are  to  the  edge  furthest  from  the  mast. 

As  can  be  seen  in  Figure  37,  with  the  small  hole  a  hazard  was 
not  detected  until  the  hole  was  30  cm  deep  (which  was  5  cm  greater 
than  the  step  hazard  threshold).  The  hazard  detected  with  this  depth 
was  only  at  one  point  in  the  hole  even  though  there  were  actually 
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FIGURE  37.  SMALL  SQUARE  HOLE  WITH  30  CM  DEPTH  TEST 


hazards  at  both  the  falling  and  rising  edges  of  the  hole.  In  the  case 
of  a  36  cm  (14  in)  deep  hole  (see  Figure  38),  both  the  falling  and 
rising  edges  of  the  hole  were  detected.  Because  of  the  orientation  of 
the  detector  array,  falling  edge  of  the  hole  was  detected  several 
centimeters  into  the  hole.  The  fact  that  the  hole  was  not  seen  until  it 
was  30  cm  (12  in)  deep  brings  out  an  important  problem;  that  a 
wheel  could  quite  easily  get  stuck  in  a  hole  which  went  unreported 
by  the  vision  system.  Setting  a  lower  step  threshold  value,  at  say  20 
centimeters  (8  inches),  would  cure  the  problem,  but  would  cause  the 
vehicle  to  be  more  cautious  than  necessary  most  of  the  time. 

For  the  rectangular  hole,  a  step  hazard  was  first  recognized  at 
a  hole  depth  of  25  cm  (10  in)  (Figure  39).  Unfortunately,  only  the 
rising  edge  of  the  hole  was  recognized  as  a  hazard.  At  a  depth  of  30 
cm  (12  in)  as  in  Figure  40,  the  falling  edge  step  was  recognized  at 
about  the  center  of  the  hole.  As  with  the  little  square  hole,  this  was 
due  to  the  detector  array  position.  When  the  hole  depth  was 
increased  to  36  cm  (14  in)  (Figure  41),  the  position  of  the  detected 
falling  edge  of  the  hole  was  moved  closer  to  its  actual  position. 

The  test  results  using  a  large  hole  were  quite  interesting.  For 
one  thing  (see  Figure  42),  a  hole  20  cm  deep  (8  in)  produced  a 
hazard  at  the  rising  edge  of  the  hole  even  though  the  step  threshold 
was  25  cm  (10  in).  The  reason  for  this  is  not  readily  apparent,  but 
it  may  be  due  to  reflections  from  the  back  of  the  hole  hitting  the 
bottom  and  then  reflecting  back  at  the  detector  array  (see  Figure  43. 
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FIGURE  38.  SMALL  SQUARE  HOLE  WITH  36  CM  DEPTH  TEST 
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FIGURE  42.  LARGE  SQUARE  HOLE  WITH  20  CM  DEPTH  TEST 


It  may  also  be  due  to  one  of  the  malfunctioning  detectors  mentioned 
above.  The  falling  edge  was  detected  when  the  depth  was  increased 
to  30  cm  (12  in)  shown  in  Figure  44.  As  the  depth  became  deeper, 
the  detected  distance  to  the  falling  edge  became  closer  to  its  actual 
position . 


When  the  results  obtained  with  the  large  hole  are  placed  next 
to  those  obtained  for  the  small  hole,  a  potential  problem  becomes 

apparent.  Specifically,  in  order  to  detect  a  hazard  when  the  small 
area  top  hole  was  present,  the  depth  had  to  be  5  cm  (2  in)  deeper 

than  the  threshold  level.  On  the  other  hand,  when  the  large  area  top 

hole  was  present,  a  hazard  was  first  detected  when  the  depth  was  5 

cm  (2  in)  less  than  the  threshold  level  although  this  may  have  been 
due  to  conditions  which  would  not  have  been  present  if  all  detectors 
were  working  properly.  This  implies  that  for  the  worst  case  to  be 
accounted  for,  the  threshold  would  have  to  be  lowered. 
Unfortunately,  this  could  create  a  very  conservative  system  if  small 
holes  were  rarely  the  hazard  sources.  Also,  since  this  type  of 
problem  did  not  exist  for  positive  step  hazards,  there  would  be 
several  false  alarms  if  a  majority  of  the  obstacles  present  were 
positive  step.  One  way  to  alleviate  this  problem  is  to  have  separate 
threshold  levels  for  positive  and  negative  steps.  To  date,  however, 
no  testing  has  been  done  using  that  criterion. 
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PART  5 


CONCLUSIONS 


As  the  results  of  the  tests  have  shown,  the  ML/MD  vision 
scanning  system  has  the  potential  to  do  an  excellent  job  of  supplying 
hazard  data  for  an  autonomous  roving  vehicle.  All  height  data 
obtained  were  within  a  few  centimeters  of  the  actual  heights  involved. 
Step  hazards  were  detected  without  any  problems.  Cross-path  analysis 
showed  that  a  cross-step  hazard  is  detected  when  present.  The  side 
to  side  resolution  proved  to  be  quite  good  as  shown  in  the  cross-path 
testing.  The  obstacle  disappeared  and  a  step  hazard  appeared  at  the 
appropriate  heights.  Also,  although  some  hazards  are  not  cataloged, 
such  as  cross-slope  hazards,  the  data  obtained  by  the  mast  certainly 
provided  enough  information  for  the  presence  of  additional  hazards  to 
be  derived. 

Of  course,  there  are  problems.  The  first  of  these  is  that  a 
hazard  is  not  flagged  when  two  obstacles  were  placed  at  a  width  less 
than  the  vehicle  width. 


78 


This  problem  is  not  considered  an  impossible  stumbling  block  since 
the  path  selection  algorithm  could  be  set  to  recognize  this  as  a 
hazard  and  the  appropriate  action  could  then  be  taken;  specifically, 
the  terrain  could  be  avoided. 


Another  problem  which  became  obvious  was  that  the  ranges 
determined  during  the  range  tests  proved  to  be  different  from  the 
actual  ranges  involved.  Fortunately,  the  differences  were  about  the 
same  for  both  rising  and  falling  edges  for  all  detectable  range  values. 
Injecting  an  offset  into  the  range  values  obtained  would  alleviate  this 
problem.  Since  the  values  varied  by  about  5  cm  (2  in),  it  seems  that 
it  would  be  necessary  to  always  assume  that  a  hazard  occupies  space 
outside  of  its  detected  edges  by  this  amount.  This  could  also  be 
taken  care  of  by  the  path  selection  algorithm. 


Cross-path  hazards  is  a  problem  which  was  not  fully  explored 
here  but  which  must  be  given  greater  attention  in  the  future.  The 
cross-path  results  obtained  here  involved  cross-steps  between  adjacent 
azimuths.  Unfortunately,  the  ability  of  the  modeler  to  detect 
cross-slopes  is  very  limited.  This  is  because  the  cross-path  analysis 
is  performed  between  adjacent  azimuths  and  a  cross-slope  hazard 
would  generally  occur  amongst  azimuths  much  more  than  1  apart. 
Fortunately,  the  data  obtained  contains  enough  information  for  a 
proper  analysis  to  be  done. 


.  '  \  ■  V 


A  problem  which  showed  itself  during  the  slope  hazard  tests 
was  the  inability  of  the  modeler  to  reliably  detect  a  slope  hazard. 
Looking  at  the  data  reveals  that  all  of  the  information  is  available  to 
perform  reasonably  accurate  slope  hazard  analysis,  but  the  results 
which  the  modeler  produced  did  not  reflect  this.  Specifically,  the 
software  lowpass  filtering  which  the  data  experiences,  discussed  in 
Section  3.5.4,  all  but  destroys  the  data.  If  the  slope  filter  coefficient 
is  too  high,  most  of  the  slope  information  is  lost.  However,  if  the 
coefficient  is  just  slightly  lower,  almost  any  terrain  produces  a  slope 
hazard.  What  the  problem  seems  to  be  is  that  since  slopes  are 

determined  from  information  obtained  from  adjacent  valid  elevations, 
the  actual  envelope  of  the  terrain  is  distorted.  In  fact,  there  is 
never  enough  information  when  a  slope  starts  gradually  or  when  the 
slope  does  not  occupy  the  entire  view  in  front  of  the  mast  for  a 
detectable  slope  hazard  to  materialize.  What  is  proposed  to  correct 
this  is  to  fit  the  data  obtained  to  straight  lines,  each  created  by 

doing  a  least  squares  fit  of  the  data  on  at  least  one-fourth  of  the 

data  obtained  for  any  particular  azimuth. 

In  terms  of  the  ML/MD  systems's  useful  range  resolution, 
another  comment  must  be  made.  In  order  for  a  hazard  to  be  detected, 
enough  data  for  the  terrain  surrounding  that  hazard  must  be 

obtained.  The  vision  system's  ability  to  detect  hazards  greater  than  2 
meters  in  range  is  non-existent,  at  least  on  what  the  vehicle  would 
consider  level  ground.  This  is  because  the  most  distant  laser  shot  is 
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fired  at  a  point  approximately  3  meters  away  from  the  mast.  This, 
coupled  with  the  facts  that  the  effective  detector  height  is  only  1 
meter  and  at  a  distance  of  2  meters  the  detectors  cannot  see  anything 
above  about  30  cm  over  the  ground  plane  precludes  the  hazard 
detection  ability  beyond  this.  Of  course,  holes  could  be  detected  at  a 
somewhat  further  distance,  but  the  concern  should  be  with  worst 
case,  not  best. 

All  of  these  problems  are  not  really  that  bad  and  for  the  most 
part  are  correctable  through  changes  and  additions  in  the  software. 
The  slope  hazard  detection  algorithm  will  almost  certainly  have  to  be 
looked  at  and  corrections  in  the  modeler  is  almost  inevitable.  The 
problem  with  detecting  cross-slope  cross-path  hazards  is  currently 
being  looked  at  and  will  probably  be  corrected  within  the  modeler. 
The  path  selection  routine  could  certainly  correct  for  the  problem 
with  narrow  passages  as  well  as  considering  an  object  as  larger  than 
it  actually  is.  In  terms  of  the  limited  range  which  the  vision  system 
possesses,  this  could  be  corrected  without  loss  of  resolution  by 
increasing  the  number  of  detectors  and  the  number  of  laser  shots 
fired  per  azimuth.  Of  course,  this  would  mean  an  increased  load  on 
the  interpretation  software,  but  given  the  advances  in  computer  and 
microprocessor  technology,  this  would  not  be  a  problem. 

In  conclusion,  the  data  obtained  by  the 

Multi-Laser/Multi-Detector  mast  electronics  provides  useful  information 

I 

to  help  in  the  determination  of  the  hazards  on  a  given  terrain.  Also, 
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SLOPE  F I  ITER  COEFFICIENT  * 
LEVEL  GROUND  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  * 


0.23 

0.90  _ 

0.23  METERS 
30.00  DECREES 


2.0  ♦ 


I 


.0  ♦ 


0.0 


44 

44 

44 


- 1  .0  ♦ 


-2.0  - 


X  »i.  Y  for 
hazards  of 
acaa  •  1 

Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT.  I .3m 
*1  --  Slope  liMXNril 

4  —  Step  hazard 

3  —  Crosapath  hazard 

6  —  Bud  data 


- - 

- >  X 

0 

1 

2 

3 

4 

Point*  off 

IMUTH 

(deni 

FUNUE 

X 

V 

2 

IIATARD  TYPE 

1 

-43 . 34 

N  0 

H 

A  Z  A 

nos 

C  A  T  A 

L 

0  C  E  0 

2 

-40.74 

N  0 

H 

A  7  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-37 . 93 

N  0 

II 

A  7.  A 

H  D  S 

C  A  T  A 

1. 

0  C  E  D 

4 

-33. 13 

N  0 

II 

A  /.  A 

K  D  S 

C  A  T  A 

L 

0  C  E  0 

3 

-32.31 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

4 

-29 . 30 

N  0 

H 

A2A 

IDS 

C  A  T  A 

L 

0  C  E  D 

7 

-24 . 49 

N  0 

H 

A2A 

8  D  5 

C  A  T  A 

L 

0  C  E  D 

a 

-23.88 

N  0 

a 

A2A 

8  0S 

C  A  T  A 

1. 

0  C  E  D 

9 

-2108 

N  0 

a 

A  Z  A 

8  0S 

C  A  T  A 

L 

0  C  E  D 

10 

-18.26 

N  0 

ii 

A  Z  A 

R  0  S 

C  A  T  A 

L 

0  C  E  0 

1  i 

-13.43 

N  0 

H 

A2A 

8  0S 

C  A  T  A 

L 

0  C  E  D 

12 

-12.64 

N  0 

II 

A  /.  A 

nos 

C  A  T  A 

L 

0  C  E  0 

13 

-9.04 

1  .37 

1  .33 

-0.23 

-0.34 

Step  hazard 

1  .43 

1  .43 

-0.23 

-0.38 

Slap  hazard 

14 

-7.02 

1  .33 

1  .32 

-0.16 

-0.36 

Step  hazard 

1  .37 

1  .36 

-0.17 

-0.33 

Step  hazard 

1  .43 

1  .44 

-0. 18 

-0.32 

Step  hazard 

13 

-4 . 22 

1  .29 

1  .29 

-0.09 

-0.37 

Step  hazard 

1  .37 

1  .36 

-0. 10 

-0.36 

Step  hazard 

1  .43 

1  .44 

-0.  1  1 

-0 . 32 

Step  hazard 

14 

-1  .41 

1  .33 

1  .32 

-0.03 

-0.36 

Step  hazard 

1  .37 

1  .37 

-0.03 

-0.33 

Step  hazard 

t  .41 

1  .41 

-0 . 03 

-0.34 

Step  hazard 

17 

1  .40 

1  .37 

1 .37 

0.03 

-0.34 

Step  hazard 

1  .41 

1  .41 

0.03 

-0.33 

Step  hazard 

18 

4.21 

1  .33 

1  .32 

0.  |0 

-0.36 

Step  hazard 

1  .37 

i  .36 

0.  |0 

-0.35 

Step  hazard 

1  .-13 

1  .44 

0.11 

-0.32 

Step  hazard 

19 

7.02 

1  .29 

1  .28 

0.16 

-0 . 37 

S  1  cp  hazard 

1  .37 

1  .36 

0. 17 

-0.36 

Step  hazard 

1.-55 

1  .44 

0.18 

-O  32 

Step  hazard 

20 

9.83 

1  .37 

1  .35 

(1 . 23 

-0 . 34 

Step  hazard 

1.41 

1  .39 

0.24 

-0  33 

Step  hazard 

21 

12.44 

1  .33 

1  .29 

0 . 29 

-0.36 

Step  hazard 

1.41 

1  .37 

0  31 

-0 . 34 

Step  hazard 

1  .211 

i  a:i 

0.41 

-« .mi 

Step  hazard 

O'* 

13.43 

1.41 

1  . 36 

0 . 37 

-0.34 

Step  hazard 

23 

18.26 

N  0 

H 

A  Z  A 

R  l)  S 

C  A  r  A 

L 

0  C  F.  0 

24 

21  07 

n  n 

H 

\  7.  A 

H  1)  S 

<:  \  t  \ 

1. 

O  C  K  0 

23 

23.  mi 

3  <1 

II 

A  /.  A 

M  1)  S 

C  A  1  A 

L 

O  C  K  0 

24 

20 . 69 

N  O 

II 

A  L  A 

8  0S 

C  A  T  A 

L 

UC  Elt 

27 

29  .  "0 

3  0 

II 

A  Z  A 

8  0  S 

C  A  r  A 

L 

0  C  F.  0 

28 

32.31 

N  0 

H 

V  7.  A 

8  D  S 

C  A  T  A 

L 

0  C  E  D 

29 

35. 12 

:t  o 

II 

\  Z  A 

8  1)  S 

C  A  r  A 

1. 

O  C  E  l> 

JO 

37.93 

9  0 

II 

A  L  A 

8  0S 

C  A  T  A 

L 

0  G  E  l> 

31 

40.74 

N  0 

II 

A  Z  A 

R  0  S 

C  A  T  A 

L 

0  C  E  I) 

32 

43 . 33 

H  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

1. 

0  G  E  D 

lapat  f  ft  la  t  nDL.STEP.14 

File  Creation  Date  :  WED.  JUL  27  1983 


Sye tea  t lae  14:09s 1 1 


•*  MODEL  1  PARAMETDftS  *a 
HEIGHT  FILTER  COEFFICIENT  •  0.23 

SLOPE  FILTER  COEFFICIENT  •  0.90 

LEVEL  GROUND  STEP  THRESHOLD  »  0.23  METERS 

SLOPE  THRESHOLD  »  30.00  DECREES 


X  va.  Y  for 
liazarda  of 
acan  0  I 

Nuiaber  key: 

1  —  Insufficient  data 

2  —  Furthest  retara  .LT.  1.3a 

3  —  Slope  hazard 

4  —  Step  hazard 

3  —  Croaapath  hazard 
6  —  Bad  data 


— 

— 

- >  X 

0 

1 

2 

3* 

4 

Points  off  seal 

EIHUTH 

(  dec  I 

RANGE 

X 

Y 

z 

HAZARD  TYPE 

1 

-43 . 36 

N  0 

H 

A  Z  A 

A 

0  s 

CAT* 

L 

0  C  E  D 

2 

-44.74 

N  0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-37 . 93 

N  0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

4 

-33. 13 

N  0 

II 

A  7.  A 

n 

D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-32.31 

N  0 

II 

A  Z  A 

K 

D  S 

C  A  T  A 

L 

0  C  E  D 

6 

-29.30 

N  0 

II 

A  Z  A 

H 

D  S 

C  A  T  A 

L 

0  C  E  D 

7 

-26.69 

N  0 

11 

A  7.  A 

n 

D  S 

C  A  T  A 

L 

0  C  E  D 

a 

-23. BO 

N  0 

II 

A  7  A 

H 

11  s 

C  A  T  A 

1. 

0  C  E  D 

9 

-21  OH 

N  0 

II 

A  Z  A 

H 

u  s 

C  A  T  A 

L 

0  C  E  D 

10 

-18.26 

N  0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

1 1 

-13.45 

ti  0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

12 

-12.64 

fl  0 

II 

A  Z  A 

A 

D  S 

C  A  T  A 

L 

0  C  E  0 

13 

-9.84 

1  .41 

1  .39 

-0.24 

-0.33 

Step  hazard 

1  .41 

1  .39 

-0.24 

-0.33 

Step  hazard 

1 .32 

1 .30 

-0.26 

-0.33 

Step  hazard 

1  .96 

1 .93 

-0.33 

0.00 

Step  hazard 

14 

-7.02 

1  .37 

1  .36 

-0. 17 

-0.34 

Step  hazard 

1  .41 

1  .40 

■0.17 

-0.33 

Step  hazard 

I  .41 

1  .40 

-0.17 

-0.33 

Step  hazard 

IS 

-4 . 22 

1  .33 

1  .32 

-0.10 

-0.36 

Step  hazard 

1  .41 

1  .40 

-0.10 

-0.34 

Step  hazard 

1  .41 

1  .40 

•0.  10 

-0.34 

Step  hazard 

16 

-1  .41 

1  .33 

1  .32 

-0.03 

-0.36 

Step  hazard 

1  .41 

1  .41 

•0.03 

-0.34 

Step  hazard 

17 

1  .40 

1  .33 

1  .32 

0.03 

-0.36 

Step  hazard 

l  .41 

1  .41 

0.03 

-0.34 

Step  hazard 

1  .41 

1  .41 

0.03 

-0.34 

Step  hazard 

1  .48 

1  .40 

0.04 

-0.29 

Step  hazard 

18 

4.21 

1 .37 

1  .36 

0.  10 

-0.34 

Step  hazard 

1  .41 

1  .40 

0.  10 

-0.33 

Step  hazard 

I  .41 

I  .40 

0. 10 

-0.33 

Step  hazard 

19 

7.02 

1.41 

1 .40 

0.  17 

-0.34 

Step  hazard 

1 .32 

1  .31 

0.19 

-0.33 

Step  hazard 

1 .32 

1  31 

0. 19 

-0.33 

Step  hazard 

2.  10 

2.09 

0.26 

-0.01 

Step  hazard 

20 

9.83 

1  .41 

1  .39 

0.24 

-0.34 

Step  hazard 

1  .41 

1  .39 

0.24 

-0.34 

Step  hazard 

1 .32 

1  30 

0.26 

-0.33 

Step  hazard 

l  .  32 

1  .  30 

0.26 

-0.35 

Step  hazard 

2.10 

2.07 

0.36 

-0.01 

Step  hazard 

21 

12.64 

1.41 

1  .37 

0.31 

-0.34 

Step  hazard 

1  .41 

1  .37 

0.31 

-0.34 

Step  hazard 

1  .32 

I  .49 

0.33 

-0.33 

Step  hazard 

1  .  32 

1  .49 

0.33 

-0.33 

Step  hazard 

1  .«fl 

I  .  03 

0.41 

0.01 

Step  hazard 

2.00 

1  . 93 

0.44 

0.01 

22 

13.43 

1  .41 

1  .36 

0.37 

-0.34 

Step  hazard 

23 

10.26 

N  0 

fl 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

24 

21.07 

N  0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  F.  D 

23 

23  .  HO 

N  0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

26 

26.69 

N  0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

27 

29.30 

N  0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

2B 

32.31 

N  0 

H 

A  /.  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

29 

33.12 

N  0 

H 

A  /  \ 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

30 

37.93 

N  0 

R 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

31 

44.74 

N  0 

H 

A  7.  \ 

II 

t)  s 

GAI  A 

L 

0  G  E  D 

32 

4L  .  33 

N  0 

H 

\  7.  A 

R 

r>  s 

<:  \  r  a 

L 

0  C  E  0 
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lapat  film:  NDL.STEP.l6 

FI  1 •  Creation  Dale  :  VCD,  JDL  27  1983 


3r*t«a  t lae 


*»  MODEL  1  PARAMETERS  «a 
HEIGHT  FILTER  COEFFICIENT  ■  8.23 

SLOPE  FILTER  COEFFICIENT  »  3.98 

LEVEL  CROUND  STEP  THRESHOLD  ■  8.25  METERS 

SLOPE  THRESHOLD  *  33.88  DECREES 


X  v#,  Y  for 
hazard*  of 
ecan  *  l 

Noaber  key: 


I nauf f 1 c 1  eat  data 
Furtheal  return  .LT.  I .3a 
Slope  hazard 
Slop  hazard 
Croeapath  hazard 
Bad  dale 


3 

l 

3 

4 

AZIHUTH 

( dec  > 

RANCK 

X 

Y 

z 

1 

-43 . 56 

R  0 

II  A  Z  A 

IDS 

CAT 

2 

-40.74 

It  0 

II  A  Z  A 

n  d  s 

CAT 

3 

-37 . 93 

N  0 

II  A  Z  A 

R  D  S 

cat 

4 

-33. ia 

It  0 

II  A  Z  A 

R  D  S 

CAT 

3 

-32.31 

N  0 

11  A  /  A 

R  D  3 

CAT 

6 

-39 . 50 

(*  0 

II  A  Z  A 

R  D  S 

Cat 

7 

-26.69 

N  0 

H  A  Z  A 

R  0  S 

cat 

0 

-23 . aa 

3  0 

II  A  Z  A 

R  D  S 

Cat 

9 

-21.00 

N  0 

II  A  Z  A 

R  D  S 

CAT, 

10 

-10.26 

ri  o 

II  A  /.  A 

nos 

CATs 

1  t 

-13.43 

ti  O 

II  A  /.  A 

n  i>  s 

CAT  i 

12 

-12. 64 

N  O 

II  A  /.  A 

l\  D  s 

C  A  T  j 

13 

-9.84 

1  .33 

1  .31 

-0.23 

-0.38 

I  .37 

I  .33 

-0,23 

-0.36 

1  .60 

1 .57 

-0.27 

-0.08 

14 

-7 . 02 

1  37 

1  .36 

-0.17 

-0.36 

1  -49 

1  .40 

-o.  ia 

-0.33 

2.06 

2.03 

-0.23 

0.03 

1 3 

1  29 

l  .29 

-0.09 

-0.37 

1 .37 

1  .36 

-0.10 

-0.36 

2 . 06 

2.06 

-0.13 

0 . 03 

1  6 

-1.41 

1  .23 

1  .32 

-0.03 

-0 . 311 

1  37 

1  .37 

-0.03 

-0.36 

1  .41 

1  .41 

-0.03 

-0.34 

2.06 

2.06 

-0.05 

0.03 

17 

1 .40 

l  .29 

l  .29 

0.03 

-8.37 

1  .37 

1 .37 

0.03 

-8.36 

1  .41 

1 .41 

0.03 

-0.34 

2.06 

2.06 

0.05 

0.6Q 

10 

4.21 

1  .29 

1  .29 

0.09 

-0.37 

1  .37 

1  .36 

0.  10 

-0.36 

2.06 

2.06 

0.15 

0.03 

19 

7.02 

1  .29 

l  28 

0.16 

-6.37 

1  .37 

1  .36 

0.1? 

-0.36 

2.06 

2.03 

0.23 

0.03 

20 

9.83 

1  .37 

1  .33 

0.23 

-0.36 

1  .41 

1  .39 

0.24 

-0.34 

1  .49 

1  .47 

0.23 

-0.38 

2 . 13 

2.  10 

0.36 

0.03 

21 

12.64 

1  .37 

l  .33 

0.30 

-6.37 

1  .49 

1  .43 

0.33 

-6.38 

22 

13.43 

1  .29 

1  .24 

0.34 

-0.37 

1  .37 

1  .32 

0.36 

-0.36 

1  .61 

1  .33 

0.43 

6.03 

I  .73 

1  .69 

0.47 

0.03 

23 

10.26 

N  0 

n  A  Z  A  1 

ADS 

C  A  T  A 

Polata  off  scale: 


HAZARD  TYPE 


Step  hazard 
Step  hazard 
Slep  hazard 
Slop  hazard 
Slep  hazard 
Step  hazard 
Slep  hazard 
Slep  hazard 
Step  hazard 
Slep  hazard 
Step  hazard 
Step  hazard 
Slep  hazard 
Step  hazard 
Slep  hazard 
Step  hazard 
Slep  hazard 
Step  hazard 
Slep  hazard 
Slep  hazard 
Step  hazard 
Slep  hazard 
Slep  hazard 
Slep  hazard 
Slep  hazard 
Slep  hazard 
Slep  hazard 
Step  hazard 
Slep  hazard 
Slep  hazard 
Step  hazard 
Step  hazard 
Croeapath  hasard 


H  A  7.  A 

II  A  7.  A 

II  A  7.  A 

II  \  7  \ 

II  A  /  A 

II  A  /.  A 

II  A  7.  \ 

II  A  /  \ 

H  A  7  A 


CATALOGED 

cataloged 

cat  a  LOCED 
cataloged 
cataloged 
cataloged 

C  A  T  A  L  0  C  F.  D 

cataloged 

cataloged 


Lv. 
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!s»vt  nut  nDL.9TTP.t8 

flU  Creel lea  Dai •  i  VED.  JUL  2T  1 983  9r«<«-  Mae  18:48(42 


••  noocLt  fhnMwrms 
HEICHT  FILTER  COEFF I C I K4T  ■ 
SLOPE  FILTER  COEPFICIEffT  ■ 
LEVEL  CHOU HD  STEP  THRESHOLD  • 
SLOPE  THRESHOLD  • 


8.29 

8.48 

8.29  Hgrms 
98.88  DECREES 


2.8  ♦ 

I 

I 

I 

I 

1.8  * 
l 
I 
i 
I 

8.8  * 


•1.8  * 
I 
I 
I 
I 

■2.8  ♦ 


8 


X  t*.  Y  far 
Hatarl*  af 
acae  •  I 

Xiwltr  Lay: 

1  —  I aaaf f I e  1  Ml  lata 

2  —  Kurt  heal  re  tarn  .LT.  1.9a 

3  —  Si  ape  hazard 
♦  —  Stay  hazard 

9  Craaapalh  hazard 
8  --  Bad  data 


Palate  eff  arala-  8 


F.imrni 

(day) 

RAHCC 

X 

Y 

2 

HAZARD  TYPE 

i 

-43.36 

n  o 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

2 

-48.74 

It  0 

II  A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

-37 . 43 

n  o 

11  A  Z  A 

R  D  9 

C  A  T  A 

L  0  C  E  D 

4 

-33. 13 

n  o 

H  A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

9 

-:i2.:n 

It  o 

II  A  7.  A 

n  it  s 

C  A  T  A 

1.  0  C  K  f> 

4 

-24 . 30 

n  o 

II  A  7.  A 

H  M 

C  A  T  A 

LOCK!) 

T 

-26 . 66 

fl  0 

H  A  7  A 

K  l»  S 

C  A  T  A 

L  0  C  E  D 

a 

-23.00 

it  0 

1!  A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

4 

-21  08 

It  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

18 

-18.26 

ft  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

1  1 

-13.43 

It  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

13 

-12.44 

It  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

13 

-4.84 

1  .24 

1  .27 

-0.22 

-0.37 

Stay  hazard 

1  .24 

1  .2? 

-0.22 

-0.37 

Sley  hazard 

1  .24 

1  .27 

-0.22 

-0.37 

Slay  hazard 

1  .33 

1  .31 

-8.23 

-0.37 

Slay  hazard 

1  .37 

1  .33 

-0.23 

-0.24 

Sley  hazard 

1  .61 

1 .34 

-0.28 

0.08 

Slay  hazard 

14 

•7.02 

1  .24 

1  .28 

-0.16 

-0.37 

Stay  hazard 

1  .24 

1 .28 

-0.16 

-8.37 

Stay  hazard 

1  .24 

1  .28 

-8.16 

-8.37 

Stay  hazard 

1  .33 

1  .32 

-0.16 

-8.37 

Stay  hazard 

1  .37 

1 .36 

-0.17 

-6.24 

Stay  hazard 

IS 

-4.22 

1  .33 

1  .32 

-0. 10 

-8 . 38 

Stay  hazard 

l  .40 

1 .40 

-0.  10 

-0.29 

Stay  hazard 

14 

-1  .41 

1  .24 

1  .29 

-0.03 

-0.37 

Stay  hazard 

I  .24 

1  .24 

-0.03 

-0.37 

Stay  hazard 

1  .24 

1  .29 

-0.03 

-0.37 

Stay  hazard 

1  .33 

1.32 

-0.03 

-0.37 

Stay  hazard 

1  .37 

1  .36 

-6 . 03 

-0.24 

Slay  hazard 

17 

1  .48 

1  .24 

1  .29 

0.03 

-0.37 

Stay  hazard 

1  .29 

1  .29 

8.03 

-0.37 

Stay  hazard 

1  .33 

1  .32 

0.03 

-0.37 

Stay  hazard 

1  .37 

1  .36 

0.03 

-0.24 

Stay  hazard 

2.00 

2.00 

0.03 

0.04 

Stay  hazard 

10 

4.21 

1  33 

1  .32 

0.10 

-8.38 

Stay  hazard 

1  .33 

l  .32 

0. 18 

-0.38 

Stay  hazard 

1  .33 

1  .32 

8.18 

-8.38 

Stay  hazard 

1  .37 

1 .36 

0.  IQ 

-8.36 

Stay  hazard 

14 

7.02 

1  .33 

1  .32 

0.  16 

-8.38 

Stay  hazard 

1  .37 

1  .36 

0.17 

-8.24 

Stay  hazard 

»  .37 

1  .36 

0.17 

-0.24 

Stay  hazard 

1  .48 

1  .39 

0.  17 

-o.  II 

Stay  hazard 

28 

4. 83 

1  .24 

l  .27 

8.22 

-8.37 

Stay  hazard 

1  .24 

1  .27 

0.22 

-6.37 

Stay  hazard 

1  .24 

1  .27 

0 . 22 

-6.37 

Stay  hazard 

1  .nn 

1  .31 

4.23 

-0 . 37 

Slay  hazard 

1  .37 

1  .33 

0.23 

-0.24 

Stay  hazard 

21 

12.64 

1  .29 

1 .26 

8.28 

-0.37 

Stay  hazard 

1  .29 

1  .26 

0 . 28 

-0.37 

Stay  hazard 

1  .33 

1  .29 

0.24 

-0.37 

Stay  hazard 

1  .37 

1  .33 

0.30 

-0.24 

Stay  hazard 

22 

13.43 

1  .29 

1  .24 

0.34 

-6.37 

Stay  hazard 

1  .24 

1.24 

0.34 

-6.37 

Slay  hazard 

1  .33 

1  .28 

0.33 

-6.37 

Stay  hazard 

1  .41 

1  .36 

0.37 

-6.34 

Stay  hazard 

1  . 30 

l  .43 

0.40 

0.66 

Craeeya I h  hazard 

1  .61 

1 .33 

8.43 

0.68 

Stay  hazard 

23 

18.26 

r«  o 

H  A  Z  A 

R  0  9 

C  A  T  A 

L  0  C  E  D 

24 

21  .07 

.4  0 

H  A  Z  A 

R  0  3 

C  A  T  A 

L  0  C  E  0 

29 

23.88 

ft  o 

H  A  Z  A 

R  n  3 

C  A  T  A 

L  0  C  E  D 

24 

26.64 

ft  0 

H  A  Z  A 

HO  3 

C  A  T  A 

L  0  C  E  D 

27 

24 . 38 

fl  0 

II  A  7.  A 

R  D  S 

C  A  T  A 

L  0  0  E  D 

20 

12.31 

ft  0 

II  A  7.  A 

K  l»  S 

C  A  T  a 

L  O  C  F.  D 

24 

.13.  12 

4  0 

II  A  7.  A 

nos 

<:  A  T  \ 

1.  O  C  K  t> 

IW 

37  4*1 

ft  II 

It  A  Z  \ 

It  n  s 

t:  A  T  A 

i.n  c  r  ii 

:»l 

40  74 

n  n 

II  A  /.  1 

n  n  s 

C  A  T  A 

>■  o  t;  k  n 

32 

43 . 33 

4  O 

II  A  2  A 

ii  n  s 

«:  A  T  A 

1  »  tt  E  D 

tl 


m 

ft 


Si 


SI 

t‘i 

a 


y. 

is 


fl 
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«•»■*  riU:  HDL.STEP.20 

Fl  I  a  CrMllta  Da  I a  :  WED,  JQL  27  1963 

«■  F10DCU  PAAAKETOIS 
IICICMT  FILTER  COEFFICIENT  • 
SLOPE  FILTER  COEFFICIENT  » 
LEVEL  GROUND  STEF  THRESHOLD  • 
SLOPE  THRESHOLD  • 


44  3  44 
-  4443  4 

.  4444  4 

■  4444  4 

4  4 


Syataa  tt»a  14: 12:04 


•  .23 

0.60 

•.23  xetto 
30.00  DECREES 


X  Y  far 
bamar4a  af 
mmmm  '  I 

Hatip  Lay : 

1  —  laaaf f |o 1 aat  4ata 

2  —  Paribas!  ratara  . LT.  1 . 3a 

3  —  SUM  httap4 

4  —  Slap  hamar-4 

3  —  Craaapaib  ha*ar4 

4  ••  3a4  4aia 
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PalBta  aff  aeala*. 


7 

n 

4 
10 
I  I 
12 


23 

24 

23 

24 

211 

24 

:J0 


<<•*> 

-43.3* 

-44.74 

-37 . 43 
-33. 13 
-32.31 
-24 . 30 
-26.69 

-23 .  mi 

-21 .OH 
-J8.24 
-13.43 
-12.64 


13.43 
10.26 
21.07 
23  .  IUI 
26.64 
24 . 30 
.12 .  it  l 
13.  12 
37 . 4:i 
40  74 
•  I  3.3 


RANGE 
N  0 
N  0 
N  0 
n  o 

N  0 
N  O 


N  0 
N  0 

»  .33 
I  .33 
l  .37 
I  .43 
I  .43 
I  .69 
I  .33 
I  .33 
I  .37 
I  .43 
I  .49 
I  .24 
1  .33 
I  .33 
I  .37 
I  .43 

I  .44 
I  .24 
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R 

D  S 

c 

A  T  A 

L 

0  C  E  D 

15 

-4 . 22 

N  0 

H 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  l) 

16 

-1.41 

N  0 

H 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  D 

17 

1  .40 

1  .42 

1  .42 

0.03 

0.13 

Step  hazard 

18 

4.21 

1  .51 

1 .51 

0.04 

0.16 

Step  hazard 

1  .42 

1  .42 

0.10 

0.13 

Step  hazard 

19 

7.02 

1  .51 

1.51 

0 . 1  l 

0.16 

Step  hazard 

1  .59 

1 .57 

0.19 

0.28 

Step  hazard 

20 

9.83 

N  0 

II 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  F.  1) 

21 

12.64 

N  0 

11 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  D 

22 

15.45 

N  0 

H 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  1) 

23 

18.26 

1  .60 

1.51 

0.30 

0.23 

Step  h;i7in rd 

24 

21  .07 

N  0 

H 

A  Z  A 

R 

I)  S 

c 

A  T  A 

L 

0  C  E  I) 

25 

23.88 

N  0 

11 

A  Z  A 

R 

D  S 

c 

A  T  A 

l. 

0  C  E  1) 

26 

26 . 69 

N  0 

11 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  1) 

27 

29.50 

N  0 

11 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  D 

28 

32.31 

N  0 

11 

A  Z  A 

H 

D  S 

c 

A  T  A 

L 

0  0  K  D 

29 

35.12 

N  0 

H 

A  Z  A 

R 

1)  S 

c 

A  T  A 

L 

0  G  E  It 

30 

37 . 93 

N  0 

II 

A  Z  A 

H 

I)  S 

c 

A  T  A 

L 

O  C  E  l) 

31 

40.74 

N  0 

II 

A  Z  A 

R 

!>  S 

c 

A  T  A 

L 

<)  C  K  l) 

32 

43 . 35 

N  0 

II 

A  /.  A 

R 

D  S 

c 

A  T  A 

1. 
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I>pat  Ml.:  TOL . SLOPE .•3.30.83 
Fll«  Cr«a  l  1  on  On"  :  THU ,  AUC  11 


1983 


_ _  **  MODEL  1  PARAMETERS 

HEICHT  FILTER  •COEFFICIENT  • 
SLOPE  FILTER  COEFFICIENT  ■ 
LEVEL  CROUND  STEP  THRESHOLD  » 
SLOPE  THRESHOLD  • 


Syatei*  Man  19:39:13 


9.23 

0.83 

9.23  PIETERS 
39.09  DECREES 


2.9  ♦ 


I  .9  ♦ 


0.0  ♦ 


-1.0  ♦ 


2.0  «■ 
o 


X  vi.  Y  for 
hazards  of 
scan  •  | 

Number  key: 

1  —  I  nan f f I c lent  data 

2  —  Kurt  lie*  i  return  .  LT.  t  .3m 

'*  ““  Sl«n»p  liuxMril 
♦  --  Step  hu/Hrd 

5  Croaapath  hazard 
^  ■*  Bod  data 


->  X 

4 


Polnta  off  neale: 


BO  HAZARDS  CATALOGED  THIS  SCAB 


Inpat  file:  f®L. SLOPE. I 0.30. 05 
rile  Creation  Date  :  THU.  AUC  11  1983 

.  **  n0DFX1  PARAMETERS 
HEICHT  FILTER  COEKFICl ENT  * 
SLOPE  FILTER  COEKFICl ENT  * 
LEVEL  CROUND  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  * 


Syatem  time 


19:39:49 


0.23 

0.H3  _ 

0.23  METERS 
30.00  DECREES 


2.0  ♦ 


0.0  ♦ 


-2.0  * 
0 


X  VS.  Y  for 
hazards  of 
acan  e  I 

Number  key: 

1  Insufficient  data 

2  —  Furthest  return  .LT.  1.3m 
""  Slope  hazard 

4  --  Step  It  lizard 
•*  <>on«pnih  hazard 

*•  Itud  data 


■>  X 


Polnta  off  arale: 


NO  HAZARDS  CATALOCED  THIS  SCAN 


WWW 


WWW1TOJ  WWWT!  Tr  ^  ^  *vf  ■  ■  rji  ■-'  ■ 
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Input  file:  MDL . SLOPE . 1 5 . 30 . 85 
Kile  Creation  Date  :  THU,  AUG  11 


1983 


System  time  19:40:30 


**  MODEL 1  PARAMETERS 
HE I  CUT  FILTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  GROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  = 


xx 


0.25 

0.85 

0.25  METERS 
30.00  DECREES 


2.0  + 


1.0  + 


0.0  + 


-1  .0  + 


X  vs .  Y  for 
hazards  of 
scan  *  1 


Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT. 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bad  data 


1 . 5m 


-2.0  + 

0 


-> 

4 


Points  off  scale: 


1 

-43 . 56 

N 

0 

H 

A 

Z  A 

R 

D 

S 

C 

A 

T  A 

L 

0  C 

E  D 

2 

-40 . 74 

N 

0 

H 

A 

Z  A 

R 

D 

S 

c 

A 

T  A 

L 

0  G 

E  D 

3 

-37 . 93 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

4 

-35.13 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

5 

-32.31 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

6 

-29.50 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

7 

-26.69 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G 

E  D 

a 

-23 . 88 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G 

E  D 

9 

-21.08 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

10 

-13.26 

N 

0 

I! 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

1  1 

-15.45 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

12 

-12.64 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

13 

-9.34 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

14 

-7.02 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  c 

E  D 

1  5 

-4 . 22 

N 

0 

H 

A 

Z  A 

H 

D 

s 

c 

A 

T  A 

L 

0  c 

E  D 

16 

-1.41 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  c 

E  D 

17 

1  .40 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  c 

E  D 

18 

4.21 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  c 

E  D 

19 

7.02 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  c 

E  D 

20 

9.03 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  c 

E  D 

21 

12.64 

o 

,25 

2 , 

,20 

0. 

,49 

-0, 

,04 

Crosspath  ' 

22 

15.45 

n' 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

23 

18.26 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

24 

21.07 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G 

E  D 

25 

23.88 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

26 

26.69 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G 

E  D 

27 

29.50 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G 

E  D 

20 

32.31 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

29 

35.12 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

30 

37 . 93 

N 

0 

11 

A 

Z  A 

R 

I) 

s 

c 

A 

T  A 

L 

0  G 

E  D 

31 

40.74 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

32 

43.55 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C 

E  D 

1 v*v 


Inpot  file:  MDL . SLOPS .20.30.83 

Kl If  Creation  Dote  :  THU.  AUC  11  1980 


System  time  19:41:05 
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*»  MODEL I  PARAMETERS 
HEIGHT  FILTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  * 
LEVEL  CHOU Nl)  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  * 


»* 

0.25 

0.85 

0.25  METERS 
30.00  DECREES 


2.0  * 


I  .0  ♦ 


4  3 


X  vs .  Y  for 
hazards  of 
scan  *  I 


0.0 


I  .0 


Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT. 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bud  data 


- - 

- >  X 

0 

1 

2 

3 

4 

Points  off  sea 

AZIMUTH 

( de* ) 

RANCE 

X 

Y 

z 

HAZARD  TYPE 

1 

-43 . 56 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  F,  D 

2 

-40.74 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-37 . 93 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

4 

-33.13 

N  0 

11 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-32.31 

N  O 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

6 

-29 . 30 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

7 

-26.69 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

8 

-23.88 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

9 

-21.08 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

10 

-10.26 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

1  1 

-15.45 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

12 

-12.64 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

1. 

0  C  E  D 

13 

-9.84 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

14 

-7.02 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

13 

-4.22 

N  0 

11 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

16 

-1  .41 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

1. 

0  C  E  D 

17 

1  .40 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

18 

4.21 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

19 

7.02 

N  0 

11 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

20 

9.83 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

21 

12.64 

2.04 

1  . 

.99 

0.45 

-0.01 

Step  hazard 

2.25 

2. 

20 

0.49 

-0.01 

Crosspath  hazard 

22 

15.45 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

23 

18.26 

N  0 

1! 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

24 

21  .07 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

23 

23.88 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

26 

26.69 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

27 

29.50 

N  0 

H 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

28 

32.31 

N  0 

It 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  K  D 

29 

35.12 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

30 

37.93 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  F.  D 

31 

40.74 

N  0 

II 

A 

Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

32 

43.55 

N  0 

II 

A 

7.  A 

R 

n  S 

C  A  T  A 

1. 

O  G  E  I) 

1 . 5m 


Inpat  file:  MDL. SLOPE. 25 .30 . 83 

File  Creation  Date  :  THU.  AUC  11  1903 


System  time  19:41:44 


**  MODEL I  PARAMETERS  ** 
HE I  CRT  FILTER  COEFFICIENT  * 

SLOPE  FILTER  COEFFICIENT  * 

LEVEL  CROUND  STEP  THRESHOLD  * 

SLOPE  THRESHOLD  * 


0.25 

0.85 

0.25  METERS 
30.00  DECREES 


2.0  * 


1  .0  + 


0.0  + 


-1  .0 


-2.0  ♦ 


X  vs.  Y  for 
hazards  of 


Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .  LT .  1.5m 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspalh  hazard 

6  —  Bad  data 


Points  off  scale: 


AZIMUTH 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1  I 
12 

13 

14 

15 

16 
17 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


<de*> 
-43.56 
-40.74 
-37 . 93 
-35.13 
-32.31 
-29.50 
-26.69 
-23.88 
-21 .08 
-18.26 
-15.45 
-12.64 
-9.84 
-7.02 
-4.22 
-1  .41 
I  .40 
7.02 
9.83 
12.64 
15.45 
18.26 
21  .07 
23.88 
26.69 
29.50 
32.31 
35.12 
37.93 
40.74 
43.55 


RANCE 
N  0 
N  O 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  O 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
1  .84 
N  0 
N  0 
N  0 
1  .72 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 


X 

A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
1  .84 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
1  .66 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 
A  Z  A  R 


HAZARD  TYPE 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  O  C  E  D 
L  O  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
Step  hazard 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
Step  hazard 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  O  C  F.  D 
L  0  C  F.  0 


■V-Vr'is v  \ '•VA'tj'M  r';. --V<\v\v\vy .*>•  NV-V 


rj\ 

I 

V 

V  Input 

file:  MDL. SLOPE. 

30.30. 

85 

1 

y  f  1 1 « 

Crea  t 1  on 

Date  : 

THU.  AUC  11  1983 

System  time  19:42:39 

V 

** 

MODEL 1  PARAMETERS 

** 

■ 

HE I CUT  FILTER 

COEFFICIENT  = 

0 

.25 

9 

SLOPE 

FILTER  COEFFICIENT  = 

0 

.05 

►  *. 

LEVEL 

GROUND  STEP  THRESHOLD 

= 

0 

25  METERS 

v; 

SLOPE 

THRESHOLD  = 

30 

.00  DECREES 

2.0  + 

i 

?  ! 

v,'  1.0  + 

• 

* 

v'  1 

X  vs .  Y  for 

■.  1 

0  m 

5 

.  . 

hazards  of 

^  1 

. 

44  4 

scan  •  1 

Lj  l 

4 

1  0.0  + 

44 

Number  key: 

r 

4 

1 

-—  Insufficient  data 

►N  1 

4 

o 

--  Furthest  return  .LT 

i 

3 

—  Slope  hazard 

K  i 

4 

—  Step  hazard 

C1’  -i.o  + 

a 

5 

—  Crosspath  hazard 

j:  ! 

•  • 

. 

• 

6 

—  Bad  data 

['■  -2.0  + 

y-  - 

— 
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Input  file:  m)L . SLOPE . 33 . 30 . 80 

File  Creation  Dale  TlflJ .  AUG  1!  1083  SyntMi  t  ln«  20!  04: 08 

**  MODULI  PARAMETERS  ** 
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Input  Ml*:  MDL . SLOPE .40.39.86 

FI  I •  Creation  Date  :  TirU .  AUG  II  1983 

«*  MODEL l  PARAMETERS 
HE I  CUT  F I LTER  COEFF 1 C 1 ENT  • 
SLOPE  FILTER  COEFF  I C I  ENT  » 
LEVEL  GROUND  STEP  THRESHOLD  * 
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Input  file:  MOL . SLOPE . 05 . 30 . 75 

Kllc  Creation  Dale  :  THU,  AUC  11  1983 


System  time  20:18:23 


2.0  + 


0.0  + 


■1.0  + 


-2.0  + 


**  MODEL 1  PARAMETERS  ** 

HE I  CUT  FILTER  COEFFICIENT  *  0.25 

SLOPE  FILTER  COEFFICIENT  =  0  73 

LEVEL  CROUND  STEP  THRESHOLD  =  0.25  METERS 

SLOPE  THRESHOLD  =  30.00  DECREES 


NO  HAZARDS  CATALOGED  THIS  SCAN 


X  vs .  Y  for 
hazards  of 
scan  •  1 

Number  key: 

1  Insufficient  data 

2  —  Furthest  return  .LT. 

3  —  Slope  hazard 

4  Step  hazard 

5  —  Crosspalh  hazard 

6  —  Bad  data 
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Kilo  Creation  Date  :  THU.  AUC  tt  1 983 

**  MODEL 1  PARAMETERS 
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Input  flic:  MDL. SLOPE. I  5.30.75 

Kile  . . ion  Dale  :  THU .  AUG  It  1003 


System  time  20:20:13 


**  MODEL I  PARAMETERS  ** 
IIKICIIT  FILTER  COEFFICIENT  = 

SLOPE  FILTER  COEFFICIENT  = 

LEVEL  GROUND  STEP  THRESHOLD  = 

SLOPE  THRESHOLD  = 
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N  0 

R 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  C  E  D 

23 

23 . 811 

ti  0 

H 

A  Z  A 

R 

D  S 

c 

A  T  A 

L 

0  G  E  D 

26 

26 . 69 

N  0 

II 

A  7.  A 

R 

D  S 

c 

A  T  A 

L 

0  G  E  D 

27 

29 . 50 

N  0 

II 

A  7.  A 

R 

1)  S 

c 

A  T  A 

I, 

0  0  K  l> 

20 

32.31 

N  0 

II 

A  7.  A 

R 

U  S 

c 

A  T  A 

L 

0  C  E  D 

29 

33 . 1  2 

N  0 

II 

A  Z  A 

R 

0  S 

c 

A  T  A 

L 

0  C  F.  D 

30 

37.93 

N  0 

II 

A  Z  A 

R 

D  S 

c 

A  T  A 

1. 

O  C  E  D 

31 

40.74 

N  0 

II 

A  7.  A 

R 

D  S 

c 

A  T  A 

L 

0  G  K  D 

32 

43 . 33 

N  0 

II 

A  Z  A 

H 

r>  s 

c 

A  T  A 

1. 

0  G  E  D 

Iapat  nu:  HDL. SLOPE. 35 . 30 . 75 

rile  Cr«a I  I  on  Dale  :  THU.  AUC  11  1983 


Sr alas  lima  20:22:32 


2.0  ♦ 

i 

I 

I 

1 

I  .0  ♦ 

1 

1 

1 

1 

0.0  ♦ 

1 

1 

1 

1 

1.0  ♦ 

1 

1 

1 

t 

2.0  ♦ 

**  model i  parameters  ** 

HEICHT  FILTER  COEFFICIENT  ■  '  0.23 

SLOPE  FILTER  COEFFICIENT  *  0.73 

LEVEL  GROUND  STEP  THRESHOLD  •  0.23  METERS 

SLOPE  THRESHOLD  ■  30.00  DECREES 

X  v® .  Y  Tor 

43.  hazard®  of 

4  4  .  scan  •  1 

.  433333 

3  333  Ifoaber  key: 

3  33  1  —  Insufficient  data 

4  2  —  Fur  the®!  return  .LT 

>.  3  “•  Slope  hazard 

4  —  Step  hazard 

3  —  Croaapath  hazard 

6  —  Bad  data 

0 

1 

2 

3 

4 

Point®  off  scale: 

AZIMUTH 

<  d«|) 

RANCE 

X 

Y 

z 

HAZARD  TYPE 

1 

-43.36 

N  0 

H 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  C  E  D 

2 

-40.74 

N  0 

H 

A  Z  A 

R  D  S 

C 

A  T  A 

L 

0  C  E  D 

3 

-37.93 

N  0 

H 

A  Z  A 

R  D  S 

C 

A  T  A 

L 

0  C  E  D 

4 

-33. 13 

N  0 

H 

A  Z  A 

R  D  S 

C 

A  T  A 

L 

0  C  E  D 

3 

-32.31 

It  0 

H 

A  Z  A 

H  D  S 

c 

A  T  A 

L 

0  C  E  D 

6 

-29 . 30 

N  0 

11 

A  Z  A 

R  D  S 

c 

A  T  A 

i. 

0  C  E  D 

7 

-26.69 

N  0 

H 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  C  E  D 

8 

-23.80 

N  0 

H 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  C  E  D 

9 

-21 .08 

N  0 

If 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  C  E  0 

10 

-18.26 

N  0 

11 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  C  E  D 

1  1 

-15.45 

N  0 

H 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  C  E  D 

12 

-12.64 

»  0 

H 

A  Z  A 

ADS 

c 

A  T  A 

L 

0  C  E  D 

13 

-9.84 

1  .34 

1  .32 

-0.23 

0.07 

Slope  hazard 

1 .56 

1 .54 

-0.27 

0.  17 

Slope  hazard 

1  .63 

1 .60 

-0.28 

0.18 

Slope  hazard 

1  .82 

1  .79 

-0.31 

0.27 

Step  hazard 

14 

-7.02 

1  .34 

1  .33 

-0.16 

0.07 

Slope  hazard 

I  .56 

1 .35 

-0.19 

0.17 

Slope  hazard 

1 .63 

1  .61 

-0 . 20 

0.23 

Slope  hazard 

13 

-4.22 

l  .36 

1  .36 

-0. 1  1 

0.  1  6 

S 1  ope  hazard 

1  6 

-1  .41 

1  .34 

1  .34 

-0.03 

0.07 

Slope  hazard 

1  .36 

1  .36 

-0.04 

0. 17 

Slope  hazard 

1 .63 

1  .62 

-0.04 

0.23 

Slope  hazard 

17 

1  .40 

1  .43 

1  .45 

0.04 

0.07 

Slop#  hazard 

1  .56 

1 .36 

0.04 

0.17 

Slope  hazard 

1 .63 

1  .62 

0.04 

0.23 

Slope  hazard 

1  .72 

1  .72 

0.04 

0.30 

Slope  hazard 

in 

4.21 

1  .43 

1  .43 

0.11 

0.07 

Slope  hazard 

1  .31 

1  .31 

0.  II 

0. 12 

SI  ope  hazard 

1  .  36 

1  .  36 

0 . 1  1 

0.18 

Slop#  hazard 

1  .  63 

1 .62 

0.12 

0.23 

Slop#  hazard 

1  .72 

l  .72 

0.13 

0.30 

Slope  hazard 

19 

7.02 

1  .23 

1  00 

0.13 

-0.10 

Step  hazard 

1 .31 

1  .  30 

0.19 

0.06 

Step  hazard 

l  .63 

1.61 

0.20 

0.23 

Slope  hazard 

20 

9.83 

I  .26 

1  .24 

0.21 

0.01 

Slope  hazard 

1  .34 

1  .  32 

0.23 

0.09 

Slope  hazard 

1  .36 

1  34 

0.27 

0.  17 

Slop#  hazard 

1  . 63 

1  .  60 

0.28 

0 . 23 

S 1  up#  hazard 

21 

12.64 

1  .  20 

1  .  17 

0.26 

-0.07 

S  I  *•  p  h»  ■/.  n  r  d 

1.31 

i  .  4n 

0 .  :13 

0.07 

St#p  hazard 

■jo 

13.43 

1  .30 

1  .  26 

0  .  :13 

0.02 

Step  hazard 

1  .31 

1  .  46 

0.40 

0.07 

S  1  e  p  hazard 

23 

18.26 

1.61 

1  .  33 

0.30 

0.07 

Step  hazard 

1  .73 

1  .  66 

0.33 

0.07 

Crosspath  hazard 

24 

21.07 

N  0 

H 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  G  F.  D 

23 

23.88 

N  0 

II 

A  Z  A 

R  I)  S 

c 

A  T  A 

L 

0  G  K  t> 

26 

26.69 

n  o 

H 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  G  E  D 

27 

29 . 30 

N  O 

II 

A  7.  A 

n  i)  s 

c 

A  T  A 

1. 

0  G  K  f) 

211 

32 . 3  1 

n  n 

II 

\  7  A 

H  I)  S 

c 

A  T  A 

1. 

O  G  K  D 

29 

.  1 2 

N  <1 

II 

A  7  A 

M  1»  S 

c 

A  T  A 

L 

O  G  K  D 

30 

17 . 93 

N  0 

II 

A  7  \ 

11  1)  S 

c 

A  T  A 

L 

0  G  E  D 

31 

40.74 

N  0 

if 

A  L  A 

HUS 

c 

A  T  A 

L 

0  0  K  0 

32 

43 . 33 

N  0 

II 

A  Z  A 

R  D  S 

c 

A  T  A 

L 

0  G  E  n 

Inpot  file:  HDL .SLOPE . 40 . 30 . 75 

File  Creation  Dale  :  THU.  AUC  II  1 963 


Syatea  tlae  20: 22:59 
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«*  MODEL  I  PARAMETERS 
HE1CHT  FILTER  COEFTICIEfTT  > 
SLOPE  FILTER  C0EFF1C1 ENT  • 
LEVEL  CROUND  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  > 


0.23 

0.73 

0.23  METERS 
30.00  DECREES 


2.0  • 


F 

i* 

L- 

L'; 


\<W' 


s 


1  .0  ♦ 


0.0  ♦ 


4  340 

.  43343 

.  4433  3 


X  »».  Y  for 
hazards  of 
scan  0  1 

Number  key: 

1  •*  Insufficient  data 

2  —  Furthest  return  .LT.  1.3a 

3  —  Slope  hazard 

4  —  Step  hazard 

3  —  Crosapath  hazard 
6  —  Bad  data 


0  * 

.  . 

n 

0 

1 

2 

3 

4 

Points  off  acnla:  0 

1  > 

'4 

JIMUTH 

( d  *  g  ) 

RANCE 

X 

Y 

z 

hazard  type 

l 

-43 . 36 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

l  o  c  e  d 

> 

2 

-40.74 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

V- 

3 

-37.93 

ft  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

tej 

4 

-33. 13 

ft  0 

II  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

5 

-32.31 

ft  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

W" 

6 

-29.30 

ft  0 

H  A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

7 

-26 . 69 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

a 

-23.80 

ft  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

9 

-21.08 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

\  - 

10 

-18.26 

ft  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

1  1 

-13.43 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

12 

-12.64 

1  .26 

1  .23 

-0.28 

-0.07 

Step  haznrd 

•\ 

1  .34 

1  .31 

-0.29 

0.07 

Step  hazard 

13 

-0.04 

1  .30 

1  .20 

-0.22 

0.02 

Step  hazard 

£ 

1  .37 

1  .33 

-0.23 

0.12 

Slope  hazard 

pi 

1  .47 

1  .43 

-0.23 

0.22 

Slope  hazard 

1  .67 

1  .63 

-0.29 

0.29 

Slope  hazard 

w*, 

l  .72 

1  .70 

-0.29 

0.31 

Slope  hazard 

w\ 

14 

-7.02 

1  .30 

1  .29 

-0.16 

0.03 

Step  hazard 

t.' 

1  .37 

I  .36 

-0.17 

0.12 

Slope  hazard 

«■ 

1  .47 

1  .46 

-o.  la 

0.22 

Slope  hazard 

1  3 

-4.22 

1  .30 

1  .30 

-0. 10 

0.02 

Step  hazard 

1  .37 

1  .37 

-0.10 

0.  12 

Slope  hazard 

1  .47 

1  .47 

-0. 1  l 

0.22 

Slope  hazard 

M 

1 .67 

1  .67 

-0.12 

0.29 

Slope  hazard 

m 

1  6 

-1.41 

1  .34 

1  .34 

-0.03 

0.09 

Slope  hazard 

1  .37 

1  .37 

-0.03 

0.  12 

Slope  hazard 

1  .47 

1  .47 

-0.04 

0.22 

Slope  hazard 

•i 

1 .39 

1  .38 

-0.04 

0.28 

Slope  hazard 

■A 

17 

1 .40 

1  .34 

1  .34 

0.03 

0.09 

Slope  hazard 

1  .37 

1  .37 

0.03 

0.  12 

Slope  hazard 

•M 

t  .47 

1  .47 

0.04 

0.22 

Slope  hazard 

1  .63 

1  .  63 

0.04 

0.34 

Slope  hazard 

A 

IB 

4.21 

1  .34 

1  .34 

0.10 

0.09 

Slope  hazard 

«u 

1  .37 

1  .37 

0. 10 

0. 12 

Slope  hazard 

3 

I  .  47 

1  .47 

0.11 

0 . 22 

Slope  hazard 

JW 

1  .63 

1  .63 

0.12 

0 . 34 

Slope  hazard 

.  * 

1  9 

7.02 

1  .20 

1.19 

0.13 

-0.04 

Step  hazard 

1  .34 

1  .33 

0.16 

0.09 

Slope  hazard 

1  .37 

1  .36 

0.17 

0 . 12 

Slope  hazard 

1  .47 

1  .  46 

o.  m 

0 . 22 

Slope  hazard 

*  - 

1  .39 

I  .37 

0.19 

0.28 

Slope  haznrd 

* 

1  .63 

1  .62 

0.20 

0.34 

Slope  hazard 

••  ; 

20 

0.03 

1  .34 

1  .32 

0 . 23 

0.09 

Slope  hiizard 

alJ 

1  .37 

1  .33 

0.23 

0.12 

Slope  hazard 

7  -i 

1  .47 

1  .  43 

0.23 

0.22 

Slope  hazard 

-ii 

1 .34 

1  .31 

0.26 

0 . 22 

Step  hazard 

21 

12.64 

1  .  42 

1  .38 

0.31 

0.11 

Step  hazard 

%’ 

1  .  63 

1  .  59 

0 . 36 

0.33 

Slope  hazard 

w  * 

13.43 

1  .42 

1 .37 

0.30 

0. 1  1 

Step  hazard 

1  .63 

1  .  37 

0.43 

0.33 

SI  ope  hazard 

23 

10.26 

1  .30 

1  .24 

0.41 

0.02 

Step  hazard 

1  .47 

1  .  40 

0.46 

0 . 22 

Slope  hazard 

«  " 

t  .  60 

1  .31 

0.30 

0 . 23 

Step  hazard 

24 

21.07 

ft  0 

n  a  z  a 

R  0  S 

C  A  T  A 

L  0  C  F.  D 

0 

23  Ofl 

ft  0 

H  A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  F.  0 

26  64 

ft  0 

II  A  Z  A 

R  1)  S 

t:  A  T  A 

L  0  G  K  r> 

N 

~  * 

rt  it 

II  A  /.  A 

II  0  s 

t;  \  r  a 

L  O  C  K  U 

M  .  1 1 

*t  i) 

H  \  /.  A 

II  1)  s 

C  A  T  A 

1.  0  C  K  1) 

V* 

n  12 

N  O 

II  A  /  A 

II  l>  s 

t:  A  T  A 

i.  o  c  y.  n 

V 

.17.93 

N  n 

II  A  /.  A 

R  1)  S 

C  A  T  A 

1.  o  G  E  0 

V 

*1 1 

40  74 

ft  0 

II  A  Z  A 

n  d  s 

C  A  T  A 

L  0  G  E  0 

V 

43 . 33 

rt  0 

II  A  7.  A 

11  1)  s 

C  A  T  A 

L  0  C  F.  D 

•M 

6 


7.2. 2.5  B=0.90;  Slope  Threshold=25 


7. 2. 2. 5.1  5  Degree  Slope  142 

7. 2. 2. 5.1  10  Degree  Slope  142 

7. 2. 2. 5. 2  15  Degree  Slope  143 

7. 2. 2. 5. 3  20  Degree  Slope  144 

7. 2. 2. 5. 4  25  Degree  Slope  145 

7. 2. 2. 5. 5  30  Degree  Slope  146 

7. 2. 2. 5. 6  35  Degree  Slope  147 

7. 2. 2. 5. 7  40  Degree  Slope  148 


,-y- 


I  spat  flic:  HDL. SLOPE. 03. 23. 90 

File  Creadon  Da  to  :  THU .  AUC  1!  1983  St*  *  ea  t  lae  20 t 27: 16 

*»  MODEL  I  PARAMETERS  mm 
HEIGHT  FILTER  COEFFICIENT  • 

SLOPE  FILTER  COEFFICIENT  • 

LEVEL  CHOUND  STEP  THRESHOLD  « 

SLOPE  THRESHOLD  • 


0.23 

0.90 

0.23  METERS 
23.00  DECREES 


X  *•.  Y  for 
haxarda  of 
ae»a  *  I 

tluabtr  l«yi 

1  —  Insufficient  data 

2  ““  Furtheal  return  .  LT.  1.3a 

3  —  Slope  hazard 

4  —  Slrp  lin’/.nrd 

3 - lir»MN|»illll  IlH'/.Mrd 

6  —  Bad  data 


Potato  off  eeale: 


NO  HAZARDS  CATALOGED  THIS  SCAR 


I npat  file:  HDL . SLOPE . 10.23.90 

File  Cr-atloii  Date  :  THU,  AUC  II  1983  St* tea  tlae  20:27:49 


*»  MODEL I  PARAMETERS 
HEIGHT  FILTER  COEFFICIENT  * 
SLOPE  FILTER  COEFFICIENT  * 
IF.VFI.  CltollND  STEP  TIIIIKSIIOLR  * 
"I.OPE  THRESHOLD  * 


0.23 

0.90 

0.23  METERS 
23.00  DECREES 


2.0  • 


X  »».  Y  for 
hazards  of 
scan  •  ) 

luakrr  key! 

1  **  Inaulflclent  data 

2  —  Furtheal  retnrn  LT.  1.3a 

3  ■■  Slope  hazard 

4  —  Step  linznrd 

3  Gr  <>e  spa  lit  hazard 

I*  Un«J  <J  M  I  M 


Polnte  off  eeale:  0 


HO  HAZARDS  CATALOCED  THIS  SCAH 


B  \  ^  '  M  \  1 


i 

A 

i 

T 


I 


143 


Input  file:  MDL. SLOPE. I  5 .25 .9® 

File  Creation  Date  :  TirU ,  AUC  11  1983 

**  MODEL 1  PARAMETERS 
HE I  CUT  FILTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  CROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  - 


System  time  20:28:17 


** 


0.25 

0.90 

0.25  METERS 
25.00  DECREES 


2.0  + 


1  .0  + 


0.0  + 


-1.0  + 


2.0  + 

• 

• 

0 

I 

2 

3 

AZIMUTH 

(deg) 

RANCE 

X 

Y 

1 

-43 . 56 

N 

0 

H 

A 

z 

A 

R 

D 

S 

2 

-40 . 74 

N 

0 

H 

A 

z 

A 

R 

D 

s 

3 

-37 . 93 

N 

0 

H 

A 

z 

A 

R 

D 

s 

4 

-35.13 

N 

0 

H 

A 

z 

A 

R 

D 

s 

5 

-32.31 

N 

0 

H 

A 

z 

A 

R 

D 

s 

6 

-29 . 50 

N 

0 

H 

A 

z 

A 

R 

D 

s 

7 

-26.69 

N 

0 

H 

A 

z 

A 

R 

D 

s 

8 

-23.88 

N 

0 

H 

A 

z 

A 

R 

D 

s 

9 

-21 .08 

N 

0 

H 

A 

z 

A 

R 

D 

s 

10 

-13.26 

N 

0 

H 

A 

z 

A 

R 

D 

s 

1  1 

-15.45 

N 

0 

H 

A 

z 

A 

R 

D 

s 

12 

-12.64 

N 

0 

H 

A 

z 

A 

R 

D 

s 

13 

-9.84 

N 

0 

H 

A 

z 

A 

R 

D 

s 

14 

-7.02 

N 

0 

H 

A 

z 

A 

R 

D 

s 

15 

-4.22 

N 

0 

H 

A 

z 

A 

R 

D 

s 

16 

-1.41 

N 

0 

II 

A 

z 

A 

R 

D 

s 

17 

1  .40 

N 

0 

it 

A 

z 

A 

R 

D 

s 

18 

4.21 

N 

0 

II 

A 

z 

A 

R 

D 

s 

19 

7.02 

N 

0 

H 

A 

z 

A 

R 

D 

s 

20 

9.83 

N 

0 

H 

A 

z 

A 

R 

D 

s 

21 

12.64 

O  ( 

.25 

2. 

.20 

0. 

,49 

22 

15.45 

N 

0 

II 

A 

z 

A 

R 

D 
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4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bad  data 
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••  model 1  parakfters 
height  filter  coefficient  • 

SLOPE  FILTER  COEFFICIENT  - 
LEVEL  GROUND  STEP  THRESHOLD  » 
SLOPE  THRESHOLD  • 


0.23 

0.83 

0.23  HETDIS 
23.00  DECREES 
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Input  file:  MDL . SLOPE . 1 5 . 25 . 85 

File  Creation  Date  :  THU,  AUG  11  1983  System  time  20:40:29 

**  MODEL 1  PARAMETERS  ** 

HE I  CUT  FILTER  COEFFICIENT  =  0.25 

SLOPE  FILTER  COEFFICIENT  =  0.85 

LEVEL  CROUND  STEP  THRESHOLD  =  0.25  METERS 

SLOPE  THRESHOLD  =  25.00  DEGREES 


2,0  + 


1  .0  + 


0.0  + 


-I  .0  + 


X  vs .  Y  for 
hazards  ol' 
scan  *  I 

Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  ,LT.  1.5m 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bad  data 


-2.0  + 


0  12  3 


AZIMUTH  (deff)  RANCE  X 

1  -43.56  NO  HAZARD 

2  -40.74  NO  HAZARD 

3  -37.93  NO  HAZARD 

4  -35.13  NO  HAZARD 

5  -32.31  NO  HAZARD 

6  -29.50  NO  HAZARD 

7  -26.69  NO  HAZARD 

8  -23.88  NO  HAZARD 

9  -21.08  NO  HAZARD 

10  -18.26  NO  HAZARD 

11  -15.45  NO  HAZARD 

12  -12.64  NO  HAZARD 

13  -9.84  NO  HAZARD 

14  -7.02  NO  HAZARD 

15  -4.22  1.84  1.83  -0 

16  -1.41  1.84  1.84  -0 

17  1.40  1.84  1.04  0 

18  4.21  NO  HAZARD 

19  7.02  1.84  1.02  0 

20  9.83  1.84  1.01  0 

21  12.64  2.23  2.20  0 

22  15.45  NO  HAZARD 

23  18.26  NO  HAZARD 

24  21.07  NO  HAZARD 

25  23.88  NO  HAZARD 

26  26.69  NO  HAZARD 

27  29.50  NO  II  A  Z  A  R  D 

28  32.31  NO  HAZARD 

29  35.12  NO  HAZARD 

30  37.93  NO  II  A  Z  A  H  I) 

31  40.74  NO  II  A  Z  A  R  l> 

32  43.55  NO  11  A  /.  A  R  I) 


>  X 

4  Points  off  scale:  0 


Y  Z  HAZARD  TYPE 

S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
13  -0.08  Step  hazard 

05  -0.00  Step  hazard 

05  -0.08  Step  hazard 

S  CATALOGED 
22  -0.08  Step  hazard 

31  -0.08  Step  hazard 

49  -0.04  Crosspath  hazard 

S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  CATALOGED 
S  C  A  T  A  I.  0  C  E  D 
S  CATALOGED 
S  CATALOGED 
S  C  A  T  A  L  O  G  E  D 

S  C  A  T  A  L  O  C  F.  D 

S  CATALOGED 
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File  Creation  Date  :  THU.  AUC  11  1983 
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**  MODEL  1  PARAMETERS 
HEICHT  FILTER  COEFFICIENT  - 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  CROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  = 


0.25 
0 . 85 

0.25  METERS 
25.00  DECREES 


2.0  + 


1  .0  + 


0.0  + 


-1  .0  + 


-2.0  + 


4  4  5 
4 

4  4  . 


X  vs .  Y  for 
hazards  of 
scan  *  I 

Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT.  1.5m 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 
A  --  Rad  data 
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Input  fll«:  flDL. SLOPE. 25.23. 85 

Fll.  Cr.mt  Ion  O.t.  :  THVJ .  AVJC  11  1983  Sy.t.B  tin.  29:41:44 


**  MODEL I  PARAMETERS 
HEICHT  FILTER  COEFFICIENT  * 
SLOPE  FILTER  COEFFICIENT  * 
LEVEL  CROUNI)  STEP  THRESHOLD  « 
SLOPE  THRESHOLD  ■ 


0.23 

0.83  I 

0.23  METERS  .4 

23.00  DECREES  J 


2.0  * 


I  .0  ♦ 


0.0  ♦ 


-i  .o  ♦ 


-2.0  - 
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13333 . 
33  . 
3  . 


I  2 


X  vv.  Y  for 
hazarda  of 

««IH  '  I 

Number  key: 

1  —  I  iiMuf  f  I  c  I  en  t  data 

2  —  Kdrllifxl  return  .LT.  I  .  5m 

3  —  Slope  hazard 

4  —  Step  hazard 

3  --  Croaapath  hazard 
6  —  Oad  data 
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Input  file:  ?TOL • SLOPE .36.23.63 

File  Creation  Date  :  THU.  AUC  11  1983 

**  MODEL 1  PARAKETDIS 
HEICHT  FILTER  COEFF 1 C I  ENT  * 
SLOPE  FILTER  COEFFICIENT  « 
LEVEL  GROUND  STEP  THRESHOLD  ■ 
SLOPE  THRESHOLD  * 
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Input  file:  MDL .SLOPE .33 .23.65 

File  Creation  Date  :  THU,  AUC  11  1983  System  tlaia  28*42:48 


**  MODEL 1  PARAMETERS 
HE1CRT  FILTER  COEFFICIENT  * 
SLOPE  FILTER  COEFFICIENT  « 
LEVEL  CROUND  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  * 
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0.25  METERS 
23.00  DECREES 
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haxvrds  of 
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3  —  Croaapa  th  hazard 
6  —  Bad  data 
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Input  file:  MDL . SLOPE .40.23.83 

Fit*  Creation  Date  ■'  THU ,  AUG  ii  1983  System  tin*  28:43  .*22 


**  MODEL!  PARAMETERS 
HEIGHT  FILTER  COEFFICIENT  * 
SLOPE  FILTER  COEFFICIENT  « 
LEVEL  GROUND  STEP  THRESHOLD  » 
SLOPE  THRESHOLD 
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1  .  34 

1  31 

4.24 

4.22 

Slapa  Kaaark 

1  67 

1  63 

0.24 

4  24 

Slapa  Kaaark 

*  72 

1  70 

0  24 

0  31 

Slapa  Kaaark 

31 

1 2  *.  4 

1  47 

1 . 44 

0.33 

4.22 

Slapa  Kaaark 

1  34 

1  30 

0.34 

4  23 

Slapa  Kaaark 

1  43 

1  34 

0.34 

0.32 

Slapa  Kaaark 

33 

13  43 

1  .47 

1 .42 

0  34 

4.22 

Slapa  Kaaark 

1  ■  34 

1 .48 

0.41 

4.23 

Slapa  Kaaark 

1 .43 

1 .37 

0.43 

4.33 

Slapa  Kaaark 

23 

>8  24 

1  37 

1.21 

0.43 

4.  1  1 

Slapa  Kaaark 

1  47 

1 .44 

0.44 

4.22 

1  .  34 

1  4* 

0.48 

4.23 

t  60 

»  .31 

0.30 

4.22 

Slap  Kaaark 

24 

21.07 

1  V 

R  A  7. 

R  t>  * 

CAT 

A  L  0  C  t  0 

23 

21  HI! 

4  •> 

H  A  Z 

ARDS 

CAT 

L  0  C  E  D 

2* 

,'ft  ♦.4 

4  (1 

H  A  4 

A  0  S 

CAT 

1.  0  C  t  0 

27 

24  10 

■4  0 

H  A  Z 

ARDS 

CAT 

l  0  C  E  D 

2(1 

12  II 

4  0 

H  A  Z 

AMDS 

CAT 

A  L  0  C  C  0 

24 

11  »2 

1  n 

M  A  7 

A  0  a 

CAT 

1.  O  C  E  D 

la 

17  *.1 

4  0 

MAT 

A  n  4 

CAT 

L  O  C  f.  D 

n 

4»»  *4 

4  0 

'I  1  Z 

ARDS 

CAT 

M.  >1  C  Hi 

a 


•  i 


w 

l  ' 

/ 


’  a 


K 

'i4 


n 


* 


<34 


I 

1 

1 


:.a 


1 


■0 


7.2.3  Two  Steps  Test  Results 


7.2.3. 1 

Heights: 

0 

cm, 

35 

cm 

7. 2. 3. 2 

Heights: 

5 

cm. 

35 

cm 

7. 2. 3. 3 

Heights: 

10 

cm. 

35 

cm. 

7. 2. 3. 4 

Heights : 

15 

cm. 

35 

cm. 

7. 2.3. 5 

Heights : 

20 

cm. 

35 

cm. 

7. 2. 3. 6 

Heights : 

25 

cm. 

35 

cm. 

7. 2. 3. 7 

Heights: 

30 

cm. 

35 

cm. 

7. 2. 3. 8 

Heights: 

35 

cm. 

35 

cm. 

Svatta  t 17:48:91 
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«*  MODEL  1  PARAMETERS  ** 

HE I CUT  FILTER  COEFFICIENT  *  9.25 

SLOPE  F 1 LTER  COEFFICIENT  *  9.90  _ 

LEVEL  GROUND  STEP  THRESHOLD  •  9.25  METERS 

SLOPE  THRESHOLD  »  30.90  DECREES 


2.0  ♦ 


1.0  ♦ 


0.0  ♦ 


-  1  .0  ♦ 


4  5  3  43 
4  4. 

44 

444  4 


X  va.  Y  for 
hazards  of 
•can  •  1 

Nunber  key: 

1  —  Insufficient  data 

2  —  Fur the* t  return  .LT.  1 .5* 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Croaapath  hazard 

6  —  Uml  data 


0 

1 

2 

3 

- >  X 

4 

Point*  off  seal 

AZIMUTH 

(  dog) 

RAtICE 

X 

Y 

z 

HAZARD  TYPE 

1 

-43 . 36 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

2 

-40-74 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-37.93 

N  0 

II 

A  Z  A 

H  D  S 

C  A  T  A 

L 

0  C  E  D 

4 

-33 . 13 

N  0 

l( 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-32  31 

N  0 

H 

A  7.  A 

nos 

C  A  T  A 

L 

0  C  E  D 

6 

-29 . 30 

l  .37 

t  .  19 

-0.67 

-0.37 

Step  hazard 

7 

-26.69' 

1  .33 

1  .  IB 

-0.60 

-0.37 

Step  hazard 

1 .33 

l  .39 

-0.70 

-0.03 

Step  hazard 

a 

-23. aa 

1  .33 

1  .21 

-0.34 

-0.38 

Step  hazard 

1  .33 

1  .21 

-0.34 

-0.38 

Step  hazerd 

I  .33 

1  .21 

-0.34 

-0.38 

Step  hazard 

1  .37 

1  .23 

-0.33 

-0.36 

Step  hazard 

1  .41 

1  .29 

-0.37 

-0.34 

Step  hazard 

9 

-21.00 

1 .33 

1  .24 

-0.48 

-0.38 

Step  hazard 

1 .33 

1  .24 

-0.48 

-0.3B 

Step  hazard 

1  .33 

1  .24 

-0.48 

-0.38 

Step  hazard 

10 

-18.26 

1  .33 

1  .26 

-0.42 

-0.38 

Step  hazard 

1 .33 

I  .26 

-0.42 

-0.38 

Step  hazard 

1  .33 

1  .26 

-0.42 

-0.38 

Step  hazard 

1 .37 

1  .30 

-0.43 

-0.36 

Step  hazard 

1 1 

-13.43 

t  .29 

l  .24 

-0.34 

-0.37 

Step  hazerd 

1  .29 

1  .24 

-0.34 

-0.37 

Step  hazard 

1  .29 

1  .24 

-0.34 

-0.37 

Step  Hazard 

1  .33 

I  .20 

-0.35 

-0.37 

Step  hazerci 

1  .  96 

1  .89 

-0.52 

0.01 

Step  hazard 

12 

-12.64 

1  .29 

1  26 

-0.28 

-0.37 

Step  hazard 

1  .29 

I  .26 

-0.28 

-0.37 

Step  hazard 

1  .29 

1  .26 

-0.28 

-0.37 

Step  hazard 

1  .32 

1  .29 

-0.29 

-0.30 

Step  hazard 

13 

-9.04 

1  .32 

1  .30 

-0.23 

-0.30 

Step  hazard 

1  32 

l  .  30 

-0.23 

-0.30 

Step  hazard 

l  .37 

1  .33 

-0 . 23 

-0.08 

Stop  liny. nr ii 

14 

-7 .  »2 

1  .29 

1  . 211 

-0 .  1  6 

-0.37 

Step  hazard 

1  .29 

1  .28 

-0.16 

-0 . 37 

Step  hazard 

1  29 

1  .28 

-0.16 

-0.37 

Step  hazard 

1  .32 

1.31 

-0.16 

-0.30 

Step  hazard 

l  .96 

1  .94 

-0.24 

0.00 

Step  hazard 

13 

-4 . 22 

1  .29 

1  29 

-0.09 

-0.37 

Step  hazard 

1  .29 

1  .  29 

-0.09 

-0.37 

Step  hazard 

1  .29 

1  .29 

-0.09 

-0.37 

Step  hazard 

14 

-1.41 

1  .29 

1  .29 

-0.03 

-0.37 

Step  hazard 

1  .29 

1  .29 

-0.03 

-0.37 

Step  hazard 

1  .29 

1  .29 

-0.03 

-0.37 

Step  hazard 

1  .32 

1  .32 

-0 . 03 

-0.30 

Step  hazard 

1  .  30 

1  .  30 

-0.04 

0.03 

Croaapath  hazard 

1  .75 

1  .73 

-0.04 

0.01 

Croaapath  hazard 

i .  un 

1  .88 

-0.05 

0.01 

Step  hazard 

2.00 

2.00 

-0.03 

0.01 

Croaapath  hazard 

17 

l  .40 

n  o 

R 

A  7.  A 

R  U  S 

C  A  T  A 

L 

0  C  E  D 

IB 

4.21 

N  0 

H 

A  L  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

19 

7  .02 

N  0 

H 

A  Z  A 

R  D  3 

C  A  T  A 

L 

0  C  E  D 

29 

9.83 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

21 

12.64 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

22 

13.43 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  l> 

23 

18.26 

N  0 

H 

A  Z  A 

R  0  S 

C  A  T  A 

L 

0  C  F.  0 

24 

21.07 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

23 

23  .  on 

f  O 

A  7.  \ 

r  r>  s 

C  A  T  A 

L 

0  C  K  l) 

24 

26 . 49 

N  0 

11 

A  7.  A 

n  D  s 

C  A  T  A 

L 

0  C  E  l> 

27 

29.30 

N  0 

II 

A  Z  A 

R  1)  s 

C  A  T  A 

L 

0  C  E  D 

2!) 

32.31 

N  o 

A  Z  A 

nos 

C  A  T  A 

L 

0  C  E  D 

29 

33.12 

N  0 

A  Z  A 

R  D  S 

C  A  T  A 

t. 

0  C  E  D 

30 

17 .93 

N  0 

A  7.  A 

R  D  S 

C  A  T  A 

L 

0  C  K  D 

31 

40 . 74 

N  O 

A  /.  A 

R  n  S 

C  A  T  A 

1. 

0  C  K  0 

:i2 

43 . 33 

4  O 

11 

A  /.  A 

ft  1)  S 

C  A  T  A 

1. 

0  C  K  t> 

laps  I  fIW«  HDL. TWO. 14.02 

ril<  Craallaa  0«t«  :  SAT,  ACC  00  1983 
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**  MODEL  1  PARAMETERS 
HEICHT  FILTER  COEFFICIENT  « 
SLOPE  FILTER  COEFFICIENT  « 
LEVEL  CROUND  STEP  THRESHOLD  » 
SLOPE  THRESHOLD  « 


9.25 

9.99 

9.25  METERS 
30.09  DECREES 


4  3  5  43 

4  4. 

44 

444  4 


X  Y  for 
hazards  of 


Nuaber  ksyt 

1  —  Insufficient  data 

2  —  Furthest  return  . LT. 

3  —  Slope  hazard 

4  —  Step  hazard 

3  — *  Croeepath  hazard 


1 

1 

.  . 

.  . 

6 

—  Bad  data 

1 

1 

2.0  ♦ 

•* 

0 

1 

C4 

3 

4 

Points  off  scale 

AZIMUTH 

<  d«f ) 

RANCE 

X 

Y 

Z 

HAZARD  TYPE 

1 

-43.36 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

2 

-49 . 74 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-37 . 93 

N  0 

11  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

4 

-33.13 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

5 

-32.31 

N  0 

II  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

6 

-29.30 

1  .37 

1.19 

-0.67 

-0.37 

Step  hazard 

7 

-26 . 

1  .33 

1  .  18 

-0.60 

-0.37 

Step  hazard 

1 .33 

1  .39 

-0.70 

-0.03 

Step  hazard 

8 

-23.08 

l  .33 

1  .21 

-0.34 

-0.38 

Step  hazard 

1  .33 

1  .21 

-0.34 

-0.38 

Step  hazard 

1  .33 

1  .21 

-0.34 

-0.38 

Step  hazard 

I  .37 

1  .23 

-0.33 

-0.36 

Step  hazard 

1  .41 

1  .29 

-0.37 

-0.34 

Step  hazard 

9 

-21 .08 

1  .33 

1  .24 

-0.48 

-0.38 

Step  hazard 

1  .33 

1  .24 

-0.48 

-0.38 

Step  hazard 

1  .33 

1  .24 

-0.40 

-0.38 

Step  hazard 

10 

-10.26 

»  .  33 

1  .26 

-« .  42 

-0.30 

Step  hazard 

1  .33 

1  .26 

-0.42 

-0.38 

Step  hazard 

1  .33 

1  .26 

-0.42 

-0.38 

Step  hazard 

1  .37 

1  .30 

-0.43 

-0.36 

Step  hazard 

1  1 

-13.45 

l  .29 

1  .24 

-0.34 

-0.37 

Step  hazard 

1  .29 

1  .24 

-0.34 

-0.37 

Step  hazard 

1  .29 

l  .24 

-0,34 

-0.37 

Step  hazard 

1  .33 

1  .28 

-0.33 

-0.37 

Step  hazard 

1  .96 

l  .89 

-0.32 

o.ot 

Step  hazard 

1 2 

-12.64 

1  .29 

1  .26 

-0.28 

-0.37 

Step  hazard 

1  .29 

1  .26 

-0.28 

-0.37 

Step  hazard 

1  .29 

1  .26 

-0 . 28 

-0.37 

Step  hazard 

l  .32 

1  .29 

-0.29 

-0.30 

Step  hazard 

13 

-9.04 

1  .32 

1  .30 

-0.23 

-0.30 

Step  hazard 

1  .32 

1  .30 

-0.23 

-0.30 

Step  hazard 

1  .37 

1  .33 

-0.23 

-0.08 

Step  hazard 

14 

-7.02 

1  .29 

1  .28 

-0.16 

-0.37 

Step  hazard 

l  .29 

1  .28 

-0.16 

-0.37 

Step  hazard 

1  .29 

1  .28 

-0.16 

-0.37 

Step  hazard 

1  .32 

1  .31 

-0.16 

-0.30 

Step  hazard 

1  .96 

l  .94 

-0.24 

0.00 

Step  hazard 

13 

-4 . 22 

1  .29 

1  .29 

-0.09 

-0.37 

Step  hazard 

1  .29 

1  .29 

-0.09 

-0.37 

Step  hazard 

1 .29 

1  .29 

-0 . 09 

-0.37 

Step  hazard 

16 

-1  .41 

1  .29 

1  .29 

-0 . 03 

-0.37 

Step  hazard 

1  .29 

1  .29 

-0.03 

-0.37 

Step  hazard 

1  .29 

1  .29 

-0.03 

-0.37 

Step  hazard 

1  .32 

1  .32 

-0.03 

-0.30 

Step  hazard 

1  .50 

1  .30 

-0.04 

0.03 

Creaapalh  hazard 

1  .73 

1  .75 

-0.04 

0.01 

Croaapath  hazard 

1  .00 

1  .08 

-0  .03 

o.ot 

Step  hazard 

2.00 

2.00 

-0.03 

0.01 

17 

1  .40 

N  0 

H  A  Z  A 

R  I)  S 

C  A  T  A 

L 

o  c  e  d 

18 

4.21 

N  0 

H  A  Z  A 

R  1)  S 

C  A  T  A 

L 

0  C  E  D 

19 

7.02 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

29 

9.83 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  0 

21 

12.64 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

22 

13.43 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

23 

18.26 

N  0 

II  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

24 

21  .97 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  n 

23 

23.88 

N  0 

11  A  7  \ 

8  0S 

C  A  T  A 

L 

0  G  E  D 

26 

26 . 49 

*i  11 

H  A  Z  \ 

It  0  S 

C  A  T  A 

L 

0  C  K  1) 

27 

29 . 50 

N  l> 

II  A  /.  A 

It  It  S 

C  A  T  A 

L 

0  C  E  D 

28 

.12.31 

*  O 

11  A  Z  A 

It  1)  S 

C  A  T  A 

L 

f)  C  E  0 

29 

33.  1  2 

N  0 

11  A  Z  A 

n  it  s 

C  A  T  A 

L 

0  C  E  0 

JO 

37.93 

N  0 

H  A  7.  A 

It  D  S 

C  A  T  A 

L 

0  C  E  D 

31 

40 . 74 

N  0 

11  A  /.  A 

»  r>  s 

C  A  T  A 

L 

0  C  E  D 

32 

43.33 

N  O 

II  A  7.  A 

R  1)  S 

C  A  T  A 

L 

0  c  r.  0 

Input  M!«:  MDL.TwO.  14.04 
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»«  MODEL  I  PARAMETERS  » 

HEICHT  FILTER  C0EFFIC1 ENT  »  8.23 

SLOPE  FILTER  COEFFICIENT  «  8.96  _ 

LEVEL  CROUNO  STEP  THRESHOLD  •  8.23  METERS 

SLOPE  THRESHOLD  •  30.88  DECREES 


4  3  3  4 
4 

44  4 


X  on.  Y  for 
huxardo  of 
iota  *  I 

Rubor  koy : 

1  —  Inouff leloat  data 

2  —  Fur t boat  rot urn  .LT.  1.3a 


\ 

44  4 

3 

—  Slop*  hiXMrd 

1 

. 

4 

—  Stop  hazard 

i  .0  ♦ 

3 

—  Croaapath  hazard 

1 

1 

a  a 

• 

6 

—  Bad  data 

1 

2.0  ♦ 

•• 

9 

1 

2 

3 

4  " 

Polnta  off  aealo 

AZIMUTH 

(  d«(  > 

RANGE 

X 

Y 

z 

HAZARD  TYPE 

1 

-43 . 36 

R  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

2 

-48.74 

N  0 

H 

A  Z  A 

R  D  S 

CAT* 

L  0  C  E  D 

3 

-37.93 

N  0 

H 

A  Z  A 

R  D  3 

C  A  T  A 

L  0  C  E  D 

4 

-35. 13 

R  0 

II 

A  Z  A 

RDS 

C  A  T  A 

L  0  C  E  D 

3 

-32.31 

a  o 

II 

A  Z  A 

11  »  S 

C  A  T  A 

L  0  C  E  0 

6 

-29.30 

1  .37 

1.19 

-8.47 

-0.37 

Stop  hazard 

7 

-26.69 

1  .33 

1  .  18 

-9.68 

-0.37 

Stop  hazard 

1  .37 

1  .22 

-0.61 

-0.36 

Step  hazard 

A 

-23.88 

1  .33 

1  .21 

-0.34 

-0.38 

Stop  hazard 

1.41 

1  .29 

-0.37 

-0.34 

Step  hazard 

1  .41 

1  .29 

-0.37 

-0.34 

Stop  hazard 

9 

-21 .on 

1  .33 

1.24 

-0.48 

-0.38 

Stop  hazard 

1 .33 

1  .24 

-0.48 

-0.38 

Stop  hazard 

1  .33 

1  .24 

-0.48 

-0.38 

Stop  hazard 

1  .33 

1  .24 

-0.48 

-0.38 

Step  hazard 

10 

-10.26 

1  .29 

1  . 22 

-0.40 

-0.37 

Step  hazard 

1  .29 

1  . 22 

-0.40 

-0.37 

Stop  hazard 

1  .33 

1  .26 

-0.42 

-0.37 

Step  hazard 

1  .37 

1  .30 

-0.43 

-0.29 

Stop  hazard 

1  .29 

1  .24 

-0.34 

-0.37 

Stop  hazard 

1  .29 

1  .24 

-0.34 

-0.37 

Slop  hazard 

1  .33 

1  .20 

-0.33 

-0.37 

Stop  hazard 

1  .96 

1  .89 

-0.32 

0.01 

Slop  hazard 

12 

-12.64 

1  .29 

1  .26 

-0.28 

-0.37 
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-0.46 

-0.37 

Step  hazard 

.*•  . 

1  .29 

1  .20 

-0.46 

-0.37 

Step  hazard 

1  .33 

1  .24 

-0.48 

-0.37 

Step  hazard 

1  .37 

1  .27 

-0.49 

-0.29 

Step  hazard 

.-0 

10 

i 

a 

fj 

<3- 

1  .33 

1  .26 

-0.42 

-0.38 

Step  hazard 

1  .33 

1  .26 

-0.42 

-0.30 

Step  hazard 

»  .  33 

1  .26 

-0.42 

-0.30 

Step  hazard 

1  .37 

1  .30 

-0.43 

-0.36 

Step  hazard 

1  1 

*15.45 

1  .33 

1  .28 

-0.33 

-0.38 

Step  hazard 

72 

1  .33 

1  .28 

-0.33 

-0.38 

Step  hazard 

it 

1  .36 

t  .31 

-0.36 

-0.22 

Step  hazard 

12 

-12.64 

1  .29 

1  .26 

-0.28 

-0.37 

Step  hazard 

r’  u 

1  .29 

1  .26 

-0.28 

-0.37 

Step  hazard 

1  .29 

1  .26 

-0.28 

-0.37 

Step  hazard 

‘  «>< 

1  .32 

1  .29 

-0.29 

-0.30 

Step  hazard 

1  .96 

1  .91 

-0.43 

0.00 

Step  hazard 

■  e 

13 

-9.04 

1  .29 

1  .27 

-0 . 22 

-0.37 

Step  hazard 

•V 

1  .29 

1  .27 

-0.22 

-0.37 

Step  hazard 

» v 

1  .29 

l  .27 

-0.22 

-0.37 

Step  hazard 

14 

-7.02 

l  .29 

1  28 

-0.16 

-0.37 

Step  hazard 

1  .29 

1  .28 

-0.16 

-0.37 

Step  hazard 

1  .29 

1  .211 

-O  .  I  6 

-0.37 

Step  Imziird 

\>j 

1  .33 

1  .32 

-0.16 

-0.37 

Step  hazard 

»■ » I 

1  5 

-4 . 22 

1  .33 

1  .32 

-0. 10 

-0.38 

Step  hazard 

1  .33 

1  .32 

-0.10 

-0.30 

Step  hazard 

*  *i 

1  .33 

1  .  32 

-0.10 

-0.30 

Step  hazard 

1  .  33 

1  .32 

-0.10 

-0.30 

S t p  hazard 

i  im 

1  .117 

-0.14 

0 . 0| 

Step  liaza rd 

1  6 

-1.41 

1  .33 

1  .32 

-0 . 03 

-0.38 

Step  hazard 

17 

1  .40 

1  .29 

1  .29 

0.03 

-0.37 

Step  hazard 

j 

in 

4.21 

1  . 33 

l  .32 

0.10 

-0.38 

Step  hazard 

19 

7.02 

1  .33 

1  .32 

0.16 

-0.38 

Step  hazard 

.  .1 

20 

9.83 

1  .33 

1  .31 

0.23 

-0.38 

Step  hazard 

•si 

21 

12.64 

1  .33 

1  .29 

0.29 

-0.38 

Step  hazard 

22 

13.43 

1  .37 

1  .32 

0.36 

-0.37 

Step  hazard 

■/ 

23 

18.26 

1  .37 

1  .30 

0.43 

-0.37 

Step  hazard 

j4 

24 

21  .07 

1  .33 

1  .  24 

0 . 48 

-0.311 

Step  hazard 

■ 

23 

23  ■  Hit 

1  .  29 

1.18 

0 . 32 

-0 . 37 

Step  hazard 

;  V 

2b 

26.69 

N  0 

H 

A  Z  \ 

R  0  S 

C  A  T  A 

L 

0  C  F.  D 

todb 

27 

29  30 

N  0 

H 

A  /.  \ 

n  »  s 

C  \  T  A 

L 

o  r,  K  D 

211 

32.31 

N  O 

H 

A  /  \ 

II  u  s 

t:  A  T  A 

o  t;  K  l> 

la 

29 

33. 12 

N  0 

if 

A  7.  A 

n  d  s 

0  A  T  A 

L 

0  C  F  D 

30 

37  93 

N  0 

11 

A  /  \ 

n  h  s 

C  A  T  A 

L 

0  C  E  D 

31 

40 . 74 

**  0 

II 

A  /  \ 

It  o  s 

i:  \  r  \ 

1. 

0  0  K  D 

12 

43 . 33 

'i 

if 

\  /  4 

H  l»  4 

<:  \  r  \ 

L 

0  0  R  D 

v» " 

T  -  *,  -  • VO  O  t  1  o  O  ^  o  *  *  •/  -  '  «  .  '  *  •<  -  ",  •/  •S-j '  v‘  -  1  •  *  «  •  ^  *  i  *  V  *  o  * 


*1 


'&aS-> 


9t«i«*  tli 


!*pil  m«s  nDL.TVO.  14. 12 
Fl I o  Croatian  Data  *  SUN. 


ADC  #7  1983 


»»  MODEL  I  PARAMETERS 
HEIGHT  FILTER  COEFFICIENT  • 
SLOPE  FILTER  COEFFICIENT  • 
LEVEL  GROUND  STEP  THRESHOLD  - 
SLOPE  THRESHOLD  • 


*.23 

#.9# 

*.23  METERS 
39.0*  DECREES 


2.9 


I  .0 


0.0 


-I  .0 


X  Y  far 
hasap4«  of 

«CHN  *  I 
Ntwber  key* 

1  ••  Insufficient  data 

2  —  Furthest  reiarn  .  LT .  I  .3a 

3  —  Slope  hazard 

4  —  Step  hazard 

3  —  Croat* p>*  l  h  hazard 
6  —  Dad  4m t a 


0 

1 

2 

3 

4 

Petnta  off 

irnnn 

<  deg  ) 

PUNCE 

X 

Y 

z 

I1A7AJU)  TYPE 

i 

-43.36 

N  0 

BAZA 

R  D  9 

C  A  T  A 

L  0  C  F.  D 

2 

-4* . 74 

N  0 

H  A  7.  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

1 

-37  -  43 

N  0 

II  A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

4 

-33. 13 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

3 

-32.31 

N  0 

H  A  Z  A 

R  D  9 

C  A  T  A 

L  0  C  E  D 

6 

-24.30 

1 .37 

1.19 

-*.67 

-0.37 

Step  hazard 

7 

-26.69 

1  .43 

1  .29 

-0.63 

-0.32 

Step  hazard 

a 

-23.88 

1  .29 

1  .  18 

-0.32 

-0.37 

Step  hazard 

1  .33 

1  .21 

-*.34 

-0.37 

Step  hazard 

•1.37 

1  .23 

-*.33 

-0.36 

Step  hazard 

•  1  .41 

1  .29 

-*.57 

-*.34 

Step  hazard 

1  .76 

1  .61 

-• .  7 1 

*.07 

Step  hazard 

9 

-21 . *8 

1  .29 

1  .2* 

-0.46 

-*.□7 

Step  hazard 

1  .29 

1 .20 

-*.46 

-*.37 

Step  hazard 

1 .33 

1  .24 

-0.48 

-*.37 

Step  hazard 

I  .37 

1  .27 

-♦.49 

-*.24 

Step  hazard 

I* 

-18.26 

1  .33 

1  .26 

-*.42 

-*.38 

Step  hazard 

1  .33 

1  .26 

-*.42 

-*.38 

Step  hazard 

1  .33 

1  .26 

-♦.42 

-♦.38 

Sl«r  kn.r* 

II 

-13.43 

1  .33 

1  .28 

-*.33 

-*.38 

Step  hazard 

1  .33 

1  .28 

-*.33 

-*.38 

Slap  hazard 

1  .33 

1  .28 

-*.33 

-*.38 

Step  hazard 

12 

-12.64 

1  .24 

1  .26 

-*.28 

-*.37 

Step  hazard 

1  24 

1  .26 

-*.28 

-*.37 

Step  hazard 

1  .29 

1  .26 

-♦.28 

-*.37 

Step  hazard 

1  .32 

1  .29 

-*.29 

-*.3* 

Step  hazard 

13 

-4.84 

1  .29 

1  .27 

-*.22 

-*.37 

Step  hazard 

1  .29 

1  .27 

-*.22 

-*.37 

Step  hazard 

1  .29 

1  .27 

-*.22 

-*.37 

Step  hazard 

1  .32 

1  .3* 

-*.23 

-*.3* 

Slop  hazard 

14 

-702 

1  .33 

1  .32 

-*.  16 

-0.38 

Slop  hazard 

l  .33 

l  .32 

-0.16 

-0.38 

Stop  hazard 

1  .33 

t  .32 

-0.16 

-0.38 

Step  hazard 

1  .33 

1  .32 

-0.16 

-*.38 

Step  hazard 

1 .96 

1  .  94 

-0.24 

0.00 

Step  hazard 

13 

-4 . 22 

1  .33 

1  .32 

-0.  10 

-038 

Step  hazard 

1  .33 

1  .32 

-O.  10 

-0.38 

Step  hazard 

1  .33 

1  .32 

-0.10 

-0.38 

Step  hazard 

1  .33 

1  .32 

-0.  10 

-038 

Slep  hazard 

1* 

-1  .41 

1  .29 

1  .29 

-0.03 

-0.37 

Step  hazard 

1  .29 

1  .24 

-0.03 

-0.37 

Step  hazard 

1  .29 

I  .29 

-0.03 

-*.37 

Step  hazard 

17 

I  .40 

1  .29 

1  .29 

0.03 

-0.37 

Slep  hazard 

1  .37 

1 .37 

0.03 

-0  ■  36 

Slep  hazard 

in 

4.21 

t  .  33 

1  .32 

0.10 

-0.10 

Slop  hazard 

1  .37 

t  96 

0  .  |0 

-0.36 

Step  hazard 

1  4 

7.02 

1  .33 

1 .32 

0.16 

-0.38 

Step  hazard 

1  .37 

1  .36 

0.  17 

-0.36 

Slep  hazard 

20 

9 .03 

1  .24 

»  .27 

9.22 

-9 . 37 

Slep  hazard 

1  .37 

1  .33 

0.23 

-0.36 

Step  hazard 

21 

12.64 

l  .24 

1  .Jo 

0.28 

-0.37 

Slep  hazard 

1  .37 

1  .33 

o.  30 

-036 

Slep  hazard 

1  .88 

1  .83 

0.41 

-00* 

Step  hazard 

22 

13.43 

1  .33 

1  28 

0 . 33 

-0.38 

Step  hazard 

1  .37 

1 .32 

0.36 

-0.36 

Step  hazard 

1  .43 

1  .39 

0.39 

-032 

Slep  hazard 

23 

18.26 

l  .33 

l  .26 

0.42 

-0.38 

Step  hazard 

l  .37 

1  .30 

0.43 

-0.36 

Slep  hazard 

1  .43 

1  .37 

0 . 43 

-*.32 

Step  hazard 

24 

21  .07 

1  29 

1  .20 

0.46 

-0.37 

Step  hazard 

1  .37 

l  .27 

9.44 

-0.36 

Slep  hazard 

1  .43 

l  33 

0 . 32 

-0.12 

Step  hazard 

1  BO 

1  73 

0.68 

-0  00 

Slep  hazard 

23 

23  88 

1  29 

1  .  18 

0  52 

-0.37 

Step  Hazard 

1  .37 

l  23 

0 . 33 

-0  36 

Step  hazard 

1  45 

1  .  32 

0 . 59 

-0.32 

Slep  hazard 

24 

26  69 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  o  c  r.  0 

27 

29 . 30 

1  .17 

1.19 

0 . 67 

-0.37 

Slep  hazard 

20 

12-31 

N  0 

H  A  L  A 

R  1  S 

C  A  T  A 

L  O  0  t  0 

24 

13.  12 

1  0 

II  A  Z  A 

II  D  S 

C  A  T  A 

L  0  C  F.  D 

»o 

17 . 41 

4  0 

M  A  Z  A 

R  D  S 

C  A  T  A 

l  o  c  r  r> 

:il 

40  74 

*1  II 

II  A  Z  A 

R  0  S 

i:  A  T  A 

LOCK  II 

12 

49  33 

*t  o 

II  \  /  A 

11  0  S 

t:  \  t  \ 

i  n  <;  v  n 
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!••••  »ll»i  PWH..TVA  |4.  14 
fll*  Cr*ailM  Da i *  i  sii|*  a uc  47  1440 

uwirwv  ">#rU  ™UHTTEIl» 

5r*iS!fT-r,LTrR  cocrrici tin-  • 
SLorc  filter  cocrriciERT  • 
ULVCL  COOUPO  STEP  TWU*HOLD  • 
<LOfl  niNILSHOl.O  ■ 


*»•»*•  IlM  •*•11=38 


•  .23 

•  ■23  RTTZM 
MM  DECREES 


*  **.  Y  far 
Hasaa4a  af 
«  I 


IS 

I  • 

17 


1 

2 

3 

<4ap» 

RAPCE 

“43. 34 

R  0 

N 

Z  A 

R  0 

H 

7.  A 

R  0 

N 

Z  A 

R  0 

M 

Z  A 

R  0 

M 

Z  A 

1  .33 

13 

•0.43 

1  .33 

IS 

-•.43 

14 

-•.47 

1 .40 

34 

1  .2** 

13 

-•.SO 

Raakar  kayi 

1  —  laaurriclaat  4a l  a 

2  --  r.nkin  ralara  .LT.  1.3* 

3  —  Slay*  Knar* 

♦  —  Stay  Haaa  r 4 

*  *•  Craaayalk  haiar4 

•  **  Ba4  I- 1  a 


Palala  aff  aaalai  • 


•  -23.110 

•  -31. *8 

••  -!•• 2* 

M  -13.43 

■2  -12.44 


•7*2 


-4.22 
-I  .41 


31  13.44 

33  13.43 

33  I A. 24 

34  2 1. 07 

33  2n  nil 


2*>  44 
J4  3n 
■12  1 1 
II  12 
17  4.1 
«m  7 4 
♦  l  II 


I  .41 
I  73 
I  .24 
I  24 
I  .31 
1.37 
I  .33 
I  .33 
I  -33 
I  33 
1.33 
I  .32 
1.24 
1.24 
1.24 
1.32 
I  .44 
1.24 
I  .34 
I  .24 
I  .33 
I  .33 
I  .33 
I  .33 
I  .44 
I  .33 
I  .33 
I  .33 
I  33 
I  (Ml 
I  24 
I  24 
I  .24 
I  .24 
I  .24 
I  24 
1.33 
I  .33 
I  .33 
I  .32 
I  U 
1.33 
1.33 
I  33 
I  33 
I  .44 
I  .24 
I  24 
I  24 
I  .32 
I  .44 
l  24 
I  24 
I  24 
I  32 
I  33 
I  33 
I  33 
I  44 
I  33 
I  .33 
I  33 
1.33 
1.33 
l  33 
I  37 
2.a« 
124 
I  33 
I  37 
I  nu 
I  41 
I  43 
I  13 


I  .  Ill 
I  .22 
I  .24 
I  .  33 
I  .  Ill 
I  .  14 
1.21 
I  .23 
1.24 
I  .24 
I  .24 
I  .24 
I  .24 
I  .24 
I  .24 
I  .24 
I  .24 
I  •  28 
I  .84 
1.24 
I  .24 
I  .24 

1.31 
I  .31 
I  31 
I  31 
1.43 
I  .32 
I  .32 

1.32 
I  32 
I  .07 
I  24 
I  .24 
I  24 
I  .24 
I  24 
I  .24 
I  .32 
1.32 
1.32 
I  .32 
I  44 
I  .32 
1.32 

I  32 
I  .32 
I  .43 
l  20 
I  .20 
l  20 
I  31 
I  44 
I  27 
l  27 
l  27 
I  34 
I  .24 
I  24 
I  24 
I  4| 
l  20 
I  28 
I  20 
I  24 
I  24 
I  24 
I  34 
I  .43 
I  24 


-4  41 
-•O 
-4.77 
-4.32 
-4.32 
-4.54 
-4.33 
-4.40 
-•.40 
-4.40 
-•42 
-•.42 
-•.42 
-•.34 
-•.34 
-•.34 
-•.33 
-••32 
-•.20 
-•.20 
-•.20 
-•-23 
-•.22 
-•23 
-•■23 
-•.33 
-•.14 
-0.14 
-•.14 
-•.14 
-•.23 
-•.•4 
-•■•4 
-•.•4 
-•  03 
-•.•3 
-•.•3 

•  .•3 

•  .•3 

•  .03 

•  03 
4  03 
4  14 

•  .14 

•  .  14 

•  .»• 

4.  14 

•  .14 

•  .14 

•  14 
0.14 
0  24 
O  22 
0.22 

•  22 
0.23 
0.24 

•  24 

•  24 
0.43 
0.33 
0.33 
0  33 

•  42 

•  42 

•  .42 

•  43 


z 

C  A  T  4 
CAT* 
C  A  T  A 
C  A  T  A 
C  A  T  A 
-•.30 
-•.30 
-•.34 
•  .•2 
-•.37 
-•.37 


I  31 
•  in 


•  44 


a  44 
o  34 


•  47 

0  40 


/  4  8|IS 
<  4  /  4  ft  0  S 

•I  4  /  «  N  0  S 

4  /  4  N  tl  S 

'I  I  /  4  II  II  S 

•i  w  m  n  « 


•  .34 
-•.34 

•  Ol 
-•.37 
-•.37 
-•.37 
-•.24 
-•.30 
-•.30 
*••38 
-•.30 
-•.30 
*•31 
-•.37 
-•.37 
-•.37 
-•M 

•  .•I 

-•.37 

-•.37 

-•.37 

-•.30 

*•.30 

-•.30 

-•.30 

•  M 
-•.30 
-•.311 
-•30 
-•.30 

•  .•I 
-•37 
-•.37 
-••37 
-•.37 
-•.37 
-•.37 
-•.30 
-•.30 
-•.30 
-•.30 

•  M 
-•.30 
-•30 
-•.30 
-•■30 

•  M 
-•.37 
-•.37 
-•.37 
-•.3* 

•  M 
-•  37 
-•37 
*••37 
-•.3» 
-•31 
-•30 
-••311 

•  40 

-0.3# 
-0.30 
-•.30 
-0.30 
-0.30 
-o  30 
-•.34 
-•.•I 
-4.37 
-•.37 
-•24 
-4.3R 

•  34 

•  02 

-«  10 

:  4  T  A 

:  4  r  * 

:  4  r  a 
:  4  t  4 
4  r  4 
4  7  4 


OAZAOO  TYPE 
LOCtO 
L  0  C  C  D 
L  0  C  E  0 
10CED 
L  O  C  E  D 

*••0  haiarl 
Slap  haaarA 
Slap  haiarl 
Slap  haiarl 
Slap  haiarl 
Slap  batarl 
Slay  haiarl 
Slap  fcaaartf 

Slap  haiarl 
Slap  baiarl 

Slap  hatarl 
Slay  haiarl 
Slap  kauri 
Slap  Haaaa4 

Slap  haiaU 
Slap  kaiarl 
Slap  kaiarl 
Slap  kaaar4 
Slap  kaaar4 
Slap  haiarl 
Slap  kaiarl 
Slap  kaiarl 
Slap  Naaar4 
Slap  kaiarl 
Slap  haiarl 
Slap  kaiarl 
Slap  hamarA 
Slap  kaiarl 
Slap  kaaar4 
Slap  Iiaaar4 
Slap  ha«ar4 
Slap  haiarl 
S'ap  haiar4 
Slap  hasar4 
Slap  hatar4 
Slap  haaaa4 
Slap  kaaar4 
Slap  kasar4 
S'ay  kasar4 
Slap  kaaar4 
Slap  kaaar4 
Slap  kasar4 
S**P  Haiar* 
Slap  haiar4 
Slap  Haaar4 
Slap  kaur4 
Slaa  haiar4 
Slap  haiar4 
Slap  Haaaa4 
S'ap  haiar4 
*'ap  haaar4 
S'ap  kaiar4 
S'ap  hatarl 
Slap  Haaar4 
S'ap  4aaar4 
Slap  haaaa4 
Slap  Haiarl 
Slap  haaar4 
Slay  haiarl 
Slay  Haiaa4 
Slay  ka*aa4 
Slay  Haaar4 
Slay  haiarl 
S»«y  hatar4 
•lay  haiar4 
*'ay  haiar4 
S'ay  haiar4 
Slay  4aaar4 
Stay  Haaar4 
S'ap  Haaaa4 
Slap  Haiar 4 
Slap  hatarl 
Slap  Haaaa4 
Slay  Haiarl 
Slay  Haaar4 
Slay  haiarl 
Slay  haiarl 
Slay  Haiar 4 
Slay  hatarl 

L  O  C  E  0 
L  o  c  E  n 
».  •»  c  r  o 
t  »  c  r.  d 
<  •»  •:  r.  o 
I  ••  i:  r  n 


v  «*  /  . 
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7.2.4  Parallel  Obstacles  Test  Results 


7.2.4. 1 

Path 

Width : 

100 

cm 

7. 2. 4. 2 

Path 

Width : 

110 

cm 

7. 2. 4. 3 

Path 

Width : 

120 

cm 

7. 2. 4. 4 

Path 

Width : 

130 

cm 

7. 2. 4. 5 

Path 

Width : 

140 

cm 

7. 2. 4. 6 

Path 

Width : 

150 

cm 
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I  spat  rilti  HDL . PATH . 1  a 
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*»  MODEL I  PARAMETERS 
HEICITT  FILTER  COEFFICIENT  • 
SLOPE  FILTER  COEFFICIENT  » 
LEVEL  CROUND  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  • 


9.23 

9.99 

9.23  KETERS 
39.99  DECREES 


2.9  ♦ 


1.0  * 


43  *4 


X  »*.  Y  for 
hnxnrda  of 
aeaa  *  I 


9.0  ♦ 


*1 .0  ♦ 


. .  '  44  4  34  34  3 

44  4  3  . 


Hunker  key: 

1  —  lasufflcloat  data 

2  —  Furtheet  return  .LT. 

3  --  Slope  Hazard 

4  —  Step  hazard 

3  --  Croaepath  hazard 

4  --  Bad  data 


-2.0  ♦ 

9  I 


Azimm 

(dept 

RANGE 

i 

-43.34 

N  0 

2 

-40.74 

N  0 

3 

-37.93 

N  0 

4 

-.13. 13 

1  .37 

3 

-32  91 

a 

1  .29 

I  .41 

1  .41 

1  .63 

4 

-29.30 

1  .33 

1  .33 

1  .33 
»  .33 

7 

-24 . 49 

1  .33 

1  .33 
1.33 

8 

-33.00 

1.29 

1.29 

1  .33 

1  .37 

1  .  SO 

4 

-21 .on 

1  . 53 

1  .72 

1  .73 

10 

-10.24 

l  .U4 
2.0  0 

n 

-13.43 

2.09 

2.36 

2.73 

12 

-12.44 

N  0 

13 

-9.84 

N  0 

14 

-7.02 

tl  0 

13 

-4 . 22 

N  0 

16 

-1.41 

N  0 

17 

1 .40 

N  0 

18 

4.21 

N  0 

19 

7.02 

N  0 

20 

9.83 

N  0 

21 

12.44 

N  0 

22 

13.43 

2.39 

2.16 

2  -  29 

23 

10.26 

7.97 

2.04 

24 

21  .07 

1.61 

1.71 

23 

23.80 

1 .31 

26 

26.69 

1  .33 

1  .41 

1  .41 

27 

29.30 

1 .33 

1 .41 

1 .41 

1  .96 

28 

12.31 

1  .03 

1 .41 

1  .  41 

29 

11 . 12 

1  .37 
1.41 

1  .  *2 

10 

17  '»:> 

1  . 

1  ?* 

11 

+t>  74 

*1  » 

\‘2 

»:» .  11 

*,  * 

2 

3 

- >  X 

4 

X 

Y 

z 

H 

A  Z  A 

R  D  S 

C  A  T  A 

H 

A2A 

R  0  S 

C  A  T  A 

11 

A2A 

nos 

C  A  T  A 

1  .  12 

-0.79 

-0.36 

1  .09 

-0.69 

-0.37 

t  .  19 

-0.73 

-0.34 

1  .  19 

-0.73 

-0.34 

1  .40 

-0.0a 

0.01 

1 .15 

-0.63 

-o.oa 

1.13 

-0.63 

-0.38 

1  .  13 

-0.65 

-0.30 

1.13 

-0.63 

-0.30 

1  .  Ill 

-0 . 60 

-o .  ;iil 

1  .  1(1 

-O.60 

-0.30 

1 .10 

-0.60 

-0.30 

1 .18 

-0.32 

-0.37 

1  .  10 

-0.32 

-0.37 

\  .21 

-0 . 34 

-0.37 

1  .23 

-<> .  33 

-0.36 

i .  37 

-0 . 6  1 

0.04 

1  .44 

-0  -  56 

-0.23 

1  .60 

-0 . 62 

-0.00 

1  .  63 

-0 . 63 

-0.00 

1  .74 

-<> .  38 

-O.ll 

1  .90 

-0 . 63 

-0.00 

2.01 

-0.36 

-0.37 

2.41 

-0.67 

-0.07 

2.63 

-0.73 

-0.03 

R 

A  Z  A 

R  D  S 

C  A  T  A 

H 

A  Z  A 

R  0  S 

C  A  T  A 

it 

A  Z  A 

R  0  S 

C  A  T  A 

II 

A  Z  A 

nos 

C  A  T  A 

H 

A  Z  A 

R  D  S 

C  A  T  A 

ii 

A  Z  A 

R  D  S 

C  A  T  A 

H 

A  Z  A 

R  0  S 

C  A  T  A 

H 

A  Z  A 

R  D  S 

C  A  T  A 

II 

A  Z  A 

R  OS 

C  A  T  A 

11 

A  Z  A 

R  D  S 

C  A  T  A 

2.01 

0.16 

-0.37 

2.00 

(I .  .17 

-0.  10 

2.21 

0.61 

-0.24 

1  . 117 

0.62 

-0.20 

1  .93 

0.64 

-0.06 

1 .51 

0.30 

-0.30 

1  60 

0.61 

-0.31 

1  .38 

0.61 

-0.23 

1  .  18 

0.60 

-0.37 

1  .26 

0.63 

-0.34 

1  .26 

0.63 

-034 

1 .13 

0 . 63 

-0-30 

1.22 

0.69 

-0.34 

1 .22 

0.69 

-0.34 

1  .70 

0 . 96 

0.00 

l  .  12 

0.71 

-0 . 37 

1.19 

(l .  73 

-0.34 

1  -19 

0 . 75 

-o .  :i4 

1.12 

0. 79 

-0 . 36 

1.15 

n  .ill 

o  34 

1  .  32 

!»  .  9*| 

*0  02 

i .  on 

0 . 114 

-0.07 

i .  *m 

(  .011 

-0 .03 

u 

\  /  \ 

n  t> 

C  \  T  A 

\  7  \ 

n  o  ** 

<:  a  r  \ 

Point*  off  aeatet  9 


HAZARD  TYPE 
L  O  C  E  D 
L  O  C  E  D 
L  0  C  £  D 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  huzard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Step  hazard 
Croaepath  hazard 
Step  hazard 
Step  hazard 
Croaepath  hazard 
Step  hazard 
Croaapath  hazard 
Step  hazard 
Croaepath  hazard 
Croaepath  hazard 
L  0  C  E  0 
L  0  C  E  D 
L  0  C  E  0 
L  O  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 


Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

Step 

hazard 

S !  ep 

hazard 

Step 

hazard 

S » ep 

hazard 

Step 

hazard 

Step 

hazard 

S  t  ep 

hazard 

Step 

haz.a  rd 

Slop 

h  a  z  a  r  d 

Step 

hazard 

Croaapath  burned 

L  0  t;  £ 

:  1) 

L  OOF.  I> 

1 .3* 
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2.9  ♦ 


1.8  ♦ 


9.®  * 


1.9  ♦ 


2.9  * 

9 


aa  MODEL  I  PARAMETERS 
HE  I  CUT  TILTER  COEFFICIENT  » 
SLOPE  FILTER  COEFFICIENT  « 
LEVEL  CROC NO  STEP  THRESHOLD  » 
SLOPE  THRESHOLD  • 


9.23 

9.99 

9.23  METERS 
39.99  DECREES 


3  . 

4  4. 

44  4 

4444444  .  4 


443444  4  4 

44  3  ..  3  . 

44  4 


X  v».  Y  for 
haaarda  of 
aeaa  •  I 


Naafcor  Lays 

1  —  Inoufflcloat  data 

2  —  Farthoal  retern  .LT.  t.Sia 

3  —  Slopo  hazard 

4  —  Stop  hazard 

3  —  Croaapath  hazard 

4  --  Bad  data 


- -  x 

12  3  4 


Polata  off  acalo:  9 


AZIMUTH 

(doff) 

RANGE 

X 

Y 

z 

HAZARD  TYPE 

\ 

-43.34 

R  0 

H 

A  Z  A 

RDS 

C  A  T  A 

L 

0  G  E  0 

2 

-40.74 

l  .33 

1  .00 

-0.86 

-0.38 

Step  hazard 

3 

-37.93 

1  .33 

t  .03 

-0.81 

-0.38 

Step  hazard 

4 

-33. 13 

1  .29 

1  .03 

-0.74 

-0.37 

Step  hazard 

1  .29 

1  .03 

-0.74 

-0.37 

Step  hazard 

1  .37 

1 .12 

-0.79 

-0.28 

Step  hazard 

1  .63 

1  .33 

-0.93 

0.02 

Step  hazard 

3 

-32.31  ' 

1  .29 

1  .09 

-0.69 

-0.37 

Step  hazard 

1  .29 

1  .09 

-0 . 69 

-0.37 

Step  hazard 

1  .33 

1  .  12 

-0.71 

-0.37 

Step  hazard 

1  .72 

1  .43 

-0 . 92 

0.01 

Step  hazard 

6 

-29.30 

1  .33 

1  .  IS 

-0.63 

-0.38 

Step  hazard 

1  .33 

1.13 

-0.63 

-0.38 

Step  hazard 

1  .33 

1.13 

-0.63 

-0 . 38 

Step  hazard 

J  .33 

1.13 

-0.63 

-0.38 

Step  hazard 

1  .96 

1  .70 

-0.96 

0.00 

Step  hazard 

7 

-24.49 

1  .33 

1  .  18 

-0.60 

-0.30 

Step  hazard 

1  .33 

1  .  IU 

-0.60 

-0.38 

Step  hazard 

1  .37 

1  .22 

-0.61 

-0.36 

Step  hazard 

1  .41 

1  .26 

-0.63 

-0 . 34 

Step  hazard 

1  .41 

l  .26 

-0 . 63 

-0.34 

Step  hazard 

1 .30 

1  .34 

-0 . 67 

0.03 

Croaapalh  hazard 

a 

-23.88 

1 .31 

1  .38 

-0.61 

-0.25 

Step  hazard 

1  .75 

1 .60 

-0.71 

0.00 

Croaapath  hazard 

4 

-21 .08 

1 .61 

1 .51 

-0.38 

-0.38 

Step  hazard 

1.61 

1  .51 

-0.58 

-0.38 

Step  hazard 

1  .64 

1  .33 

-0.39 

-0.37 

Step  hazard 

1  .71 

1  .60 

-0.61 

-0.31 

Step  hazard 

10 

-18.24 

1  .97 

1  .87 

-0.62 

-0.20 

Step  hazard 

1  1 

-13.43 

2.34 

2.23 

-0.62 

-0.22 

Step  hazard 

2.73 

2.63 

-<*  73 

-0.09 

Croaapath  hazard 

12 

-12.44 

If  0 

H 

A  Z  A 

R  J  S 

C  A  T  A 

L 

0  G  E  D 

13 

-9.84 

If  0 

H 

A  Z  A 

R  0  S 

C  A  T  A 

L 

0  C  E  D 

14 

-7.02 

If  0 

H 

A  Z  A 

RDS 

C  A  T  A 

L 

0  C  E  D 

IS 

-4.22 

If  0 

II 

A  Z  A 

RDS 

C  A  T  A 

L 

0  G  E  D 

16 

-1  .41 

If  0 

1! 

A  Z  A 

R  0  S 

C  A  T  A 

L 

0  C  E  D 

17 

1  .40 

If  0 

II 

A  Z  A 

R  0  S 

C  A  T  A 

L 

0  C  E  D 

18 

4.21 

If  0 

K 

A  Z  A 

RDS 

C  A  T  A 

L 

0  C  E  D 

19 

7.02 

N  0 

II 

A  7  A 

RDS 

C  A  T  A 

L 

0  G  E  D 

20 

9.03 

W  0 

II 

A  Z  A 

RDS 

C  A  T  A 

L 

0  C  E  D 

21 

12.44 

N  0 

11 

A  Z  A 

RDS 

C  A  T  A 

L 

0  C  E  D 

22 

13.43 

2 . 29 

2.21 

0.61 

-0.36 

Step  hazard 

23 

IB. 24 

r5  o 

11 

A  7.  A 

R  I)  S 

C  A  T  A 

L 

0  C  E  D 

24 

21.07 

1  .36 

1  .73 

0.67 

-0.39 

Slep  hazard 

23 

23.08 

1 . 36 

1  .43 

0.63 

-0.32 

Step  hazard 

l  .64 

1  . 50 

0.66 

-0.33 

Step  hazard 

I  .64 

1  .30 

0.06 

-0.33 

Step  hazard 

1  .71 

1 .36 

0.69 

-0.31 

Step  hazard 

26 

24.49 

1  .41 

1  .26 

0.03 

-0.34 

Step  hazard 

1 . 36 

1  .40 

0.70 

-0.32 

Step  hazard 

27 

29.30 

1  .33 

1  .  IS 

6.65 

-0.38 

Slep  hazard 

1  .41 

1  .22 

0.69 

-0.34 

Slep  hazard 

20 

32.31 

1  .29 

1  .09 

0.69 

-0.37 

Step  hazard 

1  .29 

1  .09 

0.69 

-0.37 

Step  hazard 

1  .33 

1.12 

0.71 

-0.37 

Slep  hazard 

i  .nn 

1  .  59 

1  .00 

0.00 

Step  hazard 

29 

33. 12 

l  .  29 

1  .05 

0 . 74 

-0.37 

Step  hazard 

i .  :rn 

1  .08 

0 . 76 

-0.37 

Step  hazard 

1.41 

1.13 

9.81 

-0 . 34 

Step  hazard 

30 

37.93 

i  .  :i:i 

l  .03 

0.81 

-0 . 311 

Step  hazard 

1  .41 

»  .  II 

0  •  U«» 

-0  •  34 

Step  hazard 

31 

*0.74 

1  .37 

1  o*i 

0.89 

-0.37 

Step  hazard 

1.4  1 

1  . 07 

0 . 92 

-034 

Step  hazard 

1.7" 

I  '!:» 

1.14 

-0 . 02 

Croaapath  hazard 

32 

43 .  r,r, 

V  ft 

H 

A  7.  \ 

nos 

0  \  T  \ 

L 

0  C  E  D 
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MODEL I  PAJUNCm  •* 

REICMT  PILTOI  COEPriCIERT  •  t.2» 

slope  filter  coefficient  •  o.4# 

LEVF.L  CROUND  STEP  THRESHOLD  •  0.23  HCTTRS 

SLOPE  THRESHOLD  •  30.00  DECREES 


# 


-I 


.0  ♦ 


.0 


X  aa.  Y  far 

hasarda  af 
»c  an  •  I 

XaaiAap  k#y« 

1  —  I aattf f I e laal  data 

2  —  Furihra I  pa  farm  . LT .  1.9a 

3  —  Slop*  hsaard 

4  —  Step  hazard 

3  —  Cro»«p« i It  hazard 
0  --  Bad  data 


0 

1 

2 

3 

- ->  X 

4 

Pal  at  a  eff  apali 

AZtmmi 

<4.«l 

RANGE 

X 

Y 

7. 

HAZARD  TYPE 

i 

-43.34 

N  0 

H 

A  L  A 

X  D  S 

C  A  T  A 

L  O  C  E  D 

2 

-40.74 

1  33 

i  .on 

— 0 . 36 

-0 . 38 

Slap  hazard 

3 

-37.43 

1  24 

1  . 02 

-0.79 

-0 . 37 

Step  haxapd 

i  .  :i:» 

1  .03 

-O.lll 

-0.37 

Step  hazard 

t  .41 

1  .  1  1 

-O  .  ill* 

-0.34 

Step  hazard 

1 .43 

1  . 30 

-1.02 

0.01 

Step  IlMXMPd 

4 

-33.13 

1  .24 

1  .03 

-0.74 

-0.37 

Step  hazard 

1  24 

1  .0.3 

-O  74 

-0 . 37 

Step  hazard 

1  24 

1  .03 

•II  74 

-O  .  37 

*>U|»  hazard 

1  .32 

1  .Oil 

-0 . 76 

-0 . 30 

Step  hazard 

1 .72 

1  .40 

-0 . 99 

0.01 

Step  liaxapd 

3 

-32.31 

1  .29 

1  .09 

-0 . 69 

-0.37 

Slap  haxapd 

1  .29 

1  .04 

-0.69 

-0.37 

Stap  haxapd 

1  24 

1  .09 

-0.64 

-0.37 

Slap  haxapd 

’  .33 

1  .  12 

-0.71 

-0.37 

Stap  haxapd 

6 

-24.30 

1  .33 

1.13 

-0.03 

-0 .  JO 

Slap  haxapd 

1  .23 

1.13 

-0.63 

-0 . 38 

Stap  haxapd 

1  .33 

1.13 

-0.63 

-0.38 

Stap  haxapd 

1  .41 

1  22 

-0.69 

-0.34 

Slap  haxapd 

1  .41 

1  .22 

-0.64 

-0.34 

Slap  haxapd 

2.04 

i  .no 

-1.02 

0.02 

Step  haxapd 

T 

-24 . 44 

1  .33 

1  .  10 

-0.60 

-0.37 

Stap  haxapd 

1  .41 

1 .26 

-0 . 63 

-0.34 

Step  haxapd 

1  .41 

1  .24 

-0.63 

-0.34 

Stap  haxapd 

1  .40 

1  .  .32 

-0 . 66 

-0.29 

Stap  haxapd 

1  .73 

1  .36 

-0.74 

0.00 

Cpaaapath  hazard 

0 

-23.no 

1  .  30 

1  .43 

-0 . 63 

-0.32 

Step  haxapd 

1 .44 

1  30 

-0 . 66 

-0.33 

Slap  haxapd 

1  .64 

1 .30 

-0.66 

-0.33 

Slap  haxapd 

1  .71 

1 .36 

-0.64 

-0.31 

Stap  haxapd 

4 

-21 .00 

1  .86 

1  .73 

-0.67 

-0.37 

Slap  haxapd 

2.23 

2.  10 

-O.lll 

0.02 

Cpaaapath  haxapd 

10 

-18.24 

1  .06 

1  .76 

-0.33 

-0.39 

Stap  haxapd 

1  .37 

1  117 

-0 . 62 

-0.20 

Slap  hazard 

1  1 

-13.43 

2  29 

2.21 

-0 . 6 1 

-0.36 

Step  hazard 

2.73 

2.63 

-0  73 

-0.09 

Croaepalh  hazard 

12 

-12.44 

N  0 

a 

A  L  A 

R  0  S 

C  A  T  A 

L  O  C  E  0 

13 

-4. 04 

N  0 

ii 

A  2  A 

r  n  S 

C  A  T  A 

L  0  C  E  D 

14 

-7 . 02 

N  <> 

ii 

A  /.  A 

H  l)  S 

C  A  T  A 

L  0  C  E  D 

13 

-4 . 22 

A  0 

ii 

A  Z  A 

H  D  S 

C  A  T  A 

L  0  C  E  D 

14 

-1  .41 

N  0 

ii 

A  Z  A 

ADS 

C  A  T  A 

L  0  C  E  0 

17 

1  40 

N  0 

ii 

A  Z  A 

R  ns 

C  A  T  A 

L  0  C  E  0 

18 

4.21 

fl  0 

ii 

A  Z  A 

R  1)  S 

C  A  T  A 

L  0  C  E  D 

14 

7.02 

*1  0 

ii 

A  Z  A 

n  d  $ 

C  A  T  A 

L  0  C  E  0 
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7.2.5. 1  Range  of  Obstacle:  40  cm  . 192 

7. 2. 5. 2  Range  of  Obstacle:  50  cm  . 193 

7. 2. 5.3  Range  of  Obstacle:  60  cm  . 194 

7. 2. 5. 4  Range  of  Obstacle:  70  cm  . 195 

7. 2. 5. 5  Range  of  Obstacle:  80  cm  . 196 

7. 2. 5. 6  Range  of  Obstacle:  90  cm  . 197 

7. 2. 5. 7  Range  of  Obstacle:  90  cm  .  198 

7. 2. 5. 8  Range  of  Obstacle:  110  cm  . 199 

7. 2. 5. 9  Range  of  Obstacle:  120  cm  . 200 

7.2.5.10  Range  of  Obstacle:  130  cm  . 201 

7.2.5.11  Range  of  Obstacle:  140  cm  . 202 

7.2.5.12  Range  of  Obstacle:  150  cm  . 203 

7.2.5.13  Range  of  Obstacle:  160  cm  . 204 

7.2.5.14  Range  of  Obstacle:  170  cm  . 205 

7.2.5.15  Range  of  Obstacle:  180  cm  . 206 

7.2.5.16  Range  of  Obstacle:  190  cm  . 207 

7.2.5.17  Range  of  Obstacle:  200  cm  . 208 

7.2.5.18  Range  of  Obstacle:  210  cm  . 209 

7.2.5.19  Range  of  Obstacle:  220  cm  . 210 

7.2.5.20  Range  of  Obstacle:  230  cm  . 211 
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Input  file:  MDL.nAWGE.07 

File  Creation  Date  :  WED.  AUC  10  1983 
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1  .36 

1  .37 

1  .36 

1  .37 

1  .36 

16 

-1  .41 

1  .29 

1  .29 

1  .29 

1  .29 

1  .33 

1  .32 

1  .63 

1  . 63 

17 

1  .40 

1  .29 

1  .29 

1  .29 

1  .29 

1  .37 

1  .37 

1  .37 

1  .37 

in 

4.21 

1  .29 

1  .29 

1  .29 

1 .29 

1  .33 

1  .32 

1  .63 

1 .63 

14 

7.02 

1  .33 

1  .32 

1  .33 

1  . 32 

1  .33 

1  32 

1  .63 

1.64 

20 

9.83 

1  .29 

1  .27 

1  .29 

1  27 

21 

12.64 

N  0 

n 

A  7.  A 

22 

13.43 

II  0 

H 

A  Z  A 

23 

10.26 

N  0 

H 

A  Z  A 

24 

21.07 

N  0 

II 

A  Z  A 

23 

23.08 

N  0 

1! 

A  Z  A 

26 

26.69 

N  0 

11 

A  Z  A 

27 

29.30 

N  0 

II 

A  Z  A 

20 

32.31 

N  0 

H 

A  Z  A 

29 

33.12 

N  0 

II 

A  Z  A 

30 

37 . 93 

n  o 

II 

A  7.  A 

31 

40.74 

N  0 

II 

A  7.  A 

32 

43.33 

1  O 

II 

A  7.  A 

Y  Z  HAZARD  TYPE 

RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 


-0.10 

-0.37 

Step 

hazard 

-0.  10 

-0.37 

Step 

hazard 

-0.10 

-0.37 

Step 

hazard 

-0.03 

-0.37 

Step 

hazard 

-0.03 

-0.37 

Step 

hazard 

-0.03 

-0.37 

Step 

hazard 

-0.04 

0.92 

Step 

hazard 

0.03 

-0.37 

Step 

hazard 

0.03 

-0.37 

Step 

hazard 

0.03 

-0.36 

Step 

hazard 

0.03 

-0.36 

Step 

hazard 

0.09 

-0.37 

Step 

hazard 

0.09 

-0.37 

Step 

hazard 

0.10 

-0.37 

Step 

hazard 

0.12 

0.02 

Step 

hazard 

0.16 

-0.38 

Step 

hazard 

0.16 

-0.38 

Step 

hazard 

0.16 

-0.38 

Step 

hazard 

0.20 

0.01 

Step 

hazard 

0.22 

-0.37 

Step 

hazard 

0 . 22 

-0.37 

Si  ep 

hazard 

RDS  CATALOCED 
nus  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
RDS  CATALOCED 
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lapat  fllai  HDL.RANCE. 12 

File  Craatlaa  Data  :  VED,  ACC  10  1903 


Syalaa  Mm 


*»  MODEL I  PARAMETERS 
HE1CRT  FILTER  COEFFICIENT  « 
SLOPE  FILTER  COEFFICIENT  * 
LEVEL  CROUND  STEP  THRESHOLD  • 
SLOPE  THRESHOLD  • 


0.2S 
9 . 96 

•  .  25  KtTERS 
39.99  DEGREES 


X  v§,  Y  for 
hazards  of 
acaa  •  I 


X«ab«r  key: 


Insufficient  data 
Farthest  return  .LT.  1.3a 
Slops  hazard 
Stop  hazard 
Crosapath  hazard 
Dad  data 


Potato  off  seals? 


cimrra 

<  i«f> 

RANCE 

X 

Y 

z 

HAZARD  TYPE 

i 

-43.3* 

ft  0  ’ 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

2 

-40.74 

n  o# 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

3 

-37 . 93 

N  0 

11 

A  Z  A 

n  d  s 

C  A  T  A 

L  0  C  E  D 

4 

-35. 13 

It  0 

11 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

5 

-32.31 

It  0 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

6 

-29.30 

ft  0 

II 

A  Z  A 

n  d  s 

C  A  T  A 

L  0  C  E  D 

7 

-24.69 

it  o 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

8 

-23. aa 

It  0 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

4 

-21 .00 

N  0 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

10 

-10.26 

It  0 

II 

A  Z  A 

n  d  s 

C  A  T  A 

L  0  C  E  D 

1  1 

-13.43 

N  0 

H 

A  Z  A 

n  d  s 

C  A  T  A 

L  0  C  E  D 

12 

-12.64 

ft  0 

H 

A  Z  A 

R  D  s 

C  A  T  A 

L  0  C  E  D 

13 

-9.84 

N  0 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  CE  0 

14 

-7 . 02 

fl  0 

H 

A  Z  A 

n  o  s 

C  A  T  A 

L  0  C  E  D 

13 

-4.22 

1  .29 

1  .29 

-0.09 

-0.37 

Step  haaard 

1  4 

-1.41 

X  .33 

1  .32 

-0.03 

-0.37 

Slap  hazard 

1  .37 

1  .37 

-0.03 

-0.36 

Slap  hazard 

1  .41 

1  .41 

-0.03 

-0.34 

Slap  hazard 

1  .49 

1  .49 

-0.04 

-0.38 

Slap  hazard 

1  .72 

1  .72 

-0.04 

0.01 

Slap  hazard 

17 

1  .40 

1  .33 

1  .32 

0.03 

-0.38 

Slap  haaard 

\  .41 

1  .41 

0.03 

-0.34 

Slap  haaard 

1  .41 

1  .41 

0.03 

-0.34 

Slap  hazard 

1  .49 

1  .49 

0.04 

-0.38 

Slap  haaard 

10 

4.21 

1  .33 

1.32 

0.10 

-0.38 

Slap  haaard 

I  .41 

1  .40 

0.10 

-0.34 

Slap  hazard 

1  .48 

1 .40 

0. 1 1 

-0.29 

Slap  hazard 

19 

7.02 

1  .33 

1  .32 

0.16 

-0.37 

Slap  haaard 

1  .37 

1  .36 

0.17 

-0.36 

Slap  hazard 

1  .41 

1  .40 

0.17 

-0.39 

Slap  hazard 

1  .73 

1  .74 

0.21 

0.01 

Craaapath  haaard 

20 

9.03 

It  0 

H 

A  7.  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

21 

12.64 

N  0 

II 

A  7.  A 

n  1)  S 

C  A  T  A 

LIKED 

22 

■  3.43 

It  0 

11 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

23 

IS. 26 

It  0 

II 

A  Z  A 

R  o  s 

C  A  T  A 

L  0  C  E  D 

24 

21  .07 

ft  0 

11 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

23 

23.80 

It  0 

II 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

2f> 

26.69 

It  0 

II 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

27 

29.30 

It  0 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  G  E  D 

20 

32.31 

It  0 

H 

A  Z  A 

n  d  s 

C  A  T  A 

L  0  C  E  D 

29 

33.12 

ft  0 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  0 

30 

37.93 

ri  o 

II 

A  Z  A 

n  »  s 

C  A  T  A 

L  0  C  E  D 

31 

40.74 

ft  0 

H 

A  Z  A 

nos 

C  A  T  A 

L  0  C  E  D 

32 

43.35 

ft  0 

II 

A  7.  A 

nos 

C  A  T  A 

L  0  C  E  D 

*'.l 


^VMVrV.-V-V 


m 


p. ; 1  ■  -  ■  -  «■  *  *  r  k-r  »p*  . 


lappt 

nu>  nSL.RARCE.13 

riu 

Creatloa  Data  J 

VED.  ADC  18  1483  Spat**  Mm  14:43:33 

«a 

MODEL  1 

PARAMETERS  »« 

HEICHT  FILTER 

COEFFICIENT  • 

0.23 

SLOPE 

FILTER  COEFFICIENT  « 

0.90 

LEVEL 

CROUND  STEF  THRESHOLD 

•  0.23  KETQIS 

SL0PK 

THRESHOLD  • 

30.00  DECHCES 

2.*  ♦ 

l 

l 

•• 

l 

i 

1  .0  ♦ 

•  • 

l 

. 

X  as.  Y  for 

l 

.  • 

.  • 

hazards  of 

1 

• 

. 

•  CM  •  1 

l 

. 

4445 

0.0  ♦ 

444 

PVuaber  hoys 

1 

44  4 

1  —  Insufficient  data 

1 

2  —  Furthest  return  .LT.  1.3a 

1 

. . 

.  . 

3  —  Slop*  hazard 

1 

• 

. 

4  —  Stop  hazard 

1  .0  ♦ 

• 

3  —  Craaapath  hazard 

1 

1 

• 

. 

6  --  Bad  data 

1 

2.0  ♦ 

•• 

0 

1 

2 

3 

4  Points  off  scale:  0 

azimuth 

NANCE 

X 

Y 

Z  HAZARD  TYPE 

I 

-43.3* 

N  0 

H 

A  Z  A 

R  D  S 

CATALOGED 

2 

-40.74 

PI  0 

11 

A  Z  A 

II  0  3 

CATALOGED 

3 

-37 .  43  • 

PI  0 

II 

A  7.  A 

R  D  S 

CATALOCED 

4 

-33.13 

PI  0 

II 

A  Z  A 

R  D  S 

CATA  LOCED 

s 

-32.31 

H  0 

ii 

A  Z  A 

R  D  S 

CATALOCED 

6 

-24 . 30 

(l  0 

II 

A  7.  A 

nos 

CATALOCED 

7 

-26.64 

PI  0 

II 

A  Z  A 

nos 

CATALOCED 

a 

-23. as 

N  0 

ii 

A  Z  A 

nos 

CATALOCED 

4 

-21 .08 

N  0 

ii 

A  Z  A 

R  D  S 

CATALOCED 

IO 

-18.2* 

N  0 

H 

A  Z  A 

n  d  s 

CATALOCED 

1  1 

-13.43 

N  0 

II 

A  Z  A 

R  0  S 

CATALOCED 

12 

-12.44 

N  0 

H 

A  Z  A 

R  D  S 

CATALOCED 

13 

-4,34 

N  0 

II 

A  Z  A 

R  D  S 

CATALOCED 

14 

-7.02 

N  0 

II 

A  Z  A 

R  D  S 

CATALOCED 

IS 

-4.22 

1  .41 

1  .40 

-0.10 

-0.34  Step  hazard 

1  .41 

1  .40 

-0.10 

-0.34  Stop  hazard 

1.40 

1  .48 

-0. 1  1 

-0.24  Slap  hazard 

1  .72 

1  .71 

-0.13 

0.00  Slap  hazard 

16 

-1  .41 

1  .37 

1  .37 

-0.03 

-0.3*  Slap  hazard 

1  .41 

1  .41 

-0  03 

-0.34  Stop  hazard 

1  .48 

1 .48 

-0.04 

-0.29  Stop  hazard 

1  .3* 

1 .36 

-0.04 

-0.32  Stop  hazard 

17 

1  .40 

1  .41 

1  .41 

0.03 

-0.34  Step  hazard 

1  .36 

1 . 56 

0.04 

-0.32  Stop  hazard 

ia 

4.21 

1  .41 

1  .40 

0.10 

-0.34  Stop  hazard 

1  .3* 

1  .36 

0.  1  1 

-0.32  Step  hazard 

14 

7.02 

1  .37 

1  .36 

0.17 

-0.36  Stop  hazard 

1  .41 

1  .40 

0.  17 

-0.34  Step  hazard 

1  .40 

1  .47 

0.  18 

-0.29  Stop  hazard 

1  .73 

I  .74 

0.21 

0.00  Craaapath  hazard 

20 

4.83 

N  0 

H 

A  Z  A 

R  D  S 

CATALOCED 

21 

12.64 

N  0 

II 

A  Z  A 

R  D  S 

CATALOCED 

22 

13.43 

PI  0 

H 

A  Z  A 

R  D  S 

CATALOCED 

23 

18.26 

n  o 

II 

A  Z  A 

R  D  S 

CATALOCED 

24 

21  .07 

rt  0 

II 

A  Z  A 

R  D  S 

CATALOCED 

23 

23.80 

N  0 

II 

A  Z  A 

R  D  S 

CATALOCED 

26 

26.64 

H  0 

H 

A  Z  A 

K  D  S 

CATALOGED 

27 

24.50 

PI  0 

II 

A  Z  A 

R  D  S 

CATALOCED 

20 

32.31 

P«  0 

II 

A  Z  A 

R  D  S 

CATALOCED 

24 

33.12 

N  0 

H 

A  Z  A 

R  D  S 

CATALOCED 

30 

37.43 

N  0 

H 

A  Z  A 

nos 

CATALOCED 

31 

40.74 

PI  0 

H 

A  Z  A 

n  d  s 

CATALOCED 

32 

43.33 

N  0 

H 

A  Z  A 

R  D  S 

CATALOCED 

iVt'vwr 


A' 


[g 
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lapat  filet  HDL.RARCE. 14 

Flit  Crest  lea  Date  :  WED.  ADC  10  1983 

*«  MODEL  1  PARAMETERS 
HEICHT  FILTER  COEFFICIENT  « 
SLOPE  FILTER  COEFFICIENT  • 
LEVEL  CHOUND  STEF  THRESHOLD  • 
SLOPE  THRESHOLD  • 


Syaten  tlM 


0.29 

0.90 

0.29  METERS 
30.00  DECREES 


X  va.  Y  for 
hazard*  of 
aeaa  •  I 

Ranker  key: 

1  —  Ineuffloleat  data 

2  —  Furtheat  retara  .LT.  I.Sn 

3  —  Slop*  hazard 

4  —  Step  hazard 

3  —  Croaapath  hazard 
6  —  Bad  data 


0 

i 

2 

3 

- >  X 

4 

Point*  off 

El  NOTH 

(dap) 

■  RANGE 

X 

Y 

Z 

HAZARD  TYPE 

I 

-43.56 

•N  0 

H 

A  2  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

2 

-40.74 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

3 

-37.93 

N  0 

H 

A  Z  A 

IDS 

C  A  T  A 

L  0  C  E  D 

4 

-33. 13 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

3 

-32.31 

N  0 

il 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

6 

-29.30 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

7 

-26.69 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

8 

-23-00 

N  0 

II 

A  Z  A 

R  D  9 

C  A  T  A 

L  0  C  E  D 

9 

-21 .08 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

to 

-18.26 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

I  1 

-13.43 

It  0 

II 

A  Z  A 

n  d  s 

C  A  T  A 

L  0  C  E  D 

12 

-12.64 

N  0 

II 

A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

13 

-9.84 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

14 

-7.02 

N  0 

II 

A  Z  A 

It  D  S 

C  A  T  A 

L  0  C  E  D 

IS 

-4 . 22 

1.61 

1  .61 

-0.12 

-0.38 

Step  hazard 

1  .03 

1  .87 

-0.14 

-0.02 

Slop  hazard 

16 

-1  .41 

1  .61 

1  .61 

-0.04 

-0.38 

Step  hazard 

1  .61 

1  .61 

-0.04 

-0.38 

Slop  hazard 

1  .60 

1  .63 

-0.04 

-0.33 

Step  hazard 

1  .71 

1  .71 

-0.04 

-0.31 

Slop  hazard 

1  .96 

1  .96 

-0.03 

0.00 

Step  hazard 

17 

1  .40 

1  . 56 

1 .56 

0.04 

-0.32 

Slep  hazard 

1  .71 

1  .71 

0.04 

-0.29 

Step  hazard 

1  .96 

1  .96 

0.03 

0.00 

Slep  hazard 

18 

4.21 

1  .61 

1  .61 

0.12 

-0.38 

Slep  hazard 

1  .61 

1  .61 

0.12 

-0.30 

Slep  hazard 

1  .60 

1  .67 

0.12 

-0.33 

Slep  hazard 

1  .71 

1  .71 

0.13 

-0.31 

Slep  hazard 

1  .96 

1  .93 

0. 14 

o.oo 

Step  hazsrd 

14 

7.02 

1  .61 

1  .00 

0.20 

-0.38 

Slep  hazard 

20 

9.83 

N  0 

R 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  0 

21 

12.64 

N  0 

II 

A  Z  A 

H  D  S 

C  A  T  A 

L  0  C  E  D 

22 

13.43 

N  0 

II 

A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

23 

18.26 

N  0 

H 

A  l  A 

R  D  S 

C  A  T  A 

L  0  C  E  0 

24 

21  .87 

N  0 

H 

A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

23 

23.30 

N  0 

H 

A  7.  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

26 

26.69 

N  0 

II 

A  L  A 

R  D  S 

C  A  T  A 

L  0  C  E  0 

27 

29.30 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  0 

28 

22.31 

N  0 

II 

A  Z  A 

IUS 

C  A  T  A 

L  0  C  E  D 

29 

33.12 

N  0 

II 

A  Z  A 

H  D  S 

C  A  T  A 

L  0  C  E  D 

30 

37.93 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

31 

40.74 

N  0 

H 

A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

32 

43.53 

N  0 

II 

A  Z  A 

R  0  S 

C  A  T  A 

L  0  C  E  D 

lari 


Inpat  fll«:  HDL.RAnCE.15 

Kile  Creation  Date  :  WED.  AUC  10  1983 


System  time  19:49*15 
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**  MODEL 1  PARAMETERS 
HE  I CIIT  FILTER  COEFFICIENT  » 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  CROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  * 


0.25 

0.90 

0.25  METERS 
30.00  DECREES 


2.0  + 


1  .0  + 


0.0  + 


-1.0  + 


4  54 

444  4 

44  . 


X  vs.  Y  for 
hazards  of 
scan  *  I 


Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT. 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bad  data 


1 . 5m 


-2.0  + 
0 


•>  X 

4 
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Inpat  file:  HDL.RANCE.16 

Kiln  Cren  t I  on  Date  :  WED.  AUC  10  1983 


System  time  19:51:27 


2.0  + 


1  .0  + 


0.0  + 


1 .0  + 


2.0  + 


**  MODEL 1  PARAMETERS  ** 

1IEICHT  FILTER  COEFFICIENT  =  0.23 

SLOPE  FILTER  COEFFICIENT  =  0.90 

LEVEL  CROUNO  STEP  THRESHOLD  *  0.23  METERS 

SLOPE  THRESHOLD  =  30.00  DECREES 
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X  vs.  Y  for 
hazards  of 
scan  *  1 


Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT 

3  —  Slope  hazard 
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Inpat  file:  MDL.RANCE. 17 

File  Creation  Date  :  WED.  AUC  10  1983 

**  MODEL 1  PARAMETERS 
HEIGHT  FILTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  CROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  = 
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X  vs.  Y  for 
hazards  of 
scan  *  1 

Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  .LT.  1.5m 

3  —  Slope  hazard 

4  —  Step  hazard 
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Input  file:  MDL. RANGE. 18 

File  Creation  Date  :  WED,  ADC  10  1983  System  time  19:55:41 


**  MODEL 1  PARAMETERS 
HE I  CUT  FILTER  COEFFICIENT  - 
SLOPE  F 1 LTER  COEFFICIENT  * 
LEVEL  CR0UND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  * 
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System  time  20:04:50 


207 


**  MODEL 1  PARAMETERS 
HEIGHT  FILTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  GROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  = 


0.25 

0.90 

0.23  METERS 
30.00  DEGREES 


2.0  + 


1.0  + 


0.0  + 


-l  .0  + 


X  vs .  Y  for 
hazards  of 
scan  *  1 

Number  key! 

1  —  Insufficient  data 

2  —  Furthest  return  .LT.  1.5m 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bad  data 


1 

1 

1 

.0  + 

• 

— 

— - 

— 

— 

- >  x 

0 

1 

2 

3 

4 

Points  off  scale 

ZIITOTH  (deg) 

RANCE 

X 

Y 

Z 

HAZARD  TYPE 

1 

-43.56 

N 

0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

2 

-40 . 74 

N 

0 

It 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

3 

-37.93 

ri 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

4 

-35.13 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

5 

-32.31 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

6 

-29.50 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

7 

-26.69 

N 

0 

11 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-23 . 33 

N 

0 

11 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

9 

-21.03 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

10 

-18.26 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

1  1 

-15.45 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

12 

-12.64 

N 

0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

13 

-9.34 

H 

0 

11 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

14 

-7.02 

H 

0 

11 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

15 

-4.22 

N 

0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

16 

-1.41 

O 

.  C9 

2.09 

- 

■0.05 

-0 . 37 

Step  harard 

o 

.09 

2.09 

- 

■0.05 

-0.37 

Step  hazard 

17 

o 

.20 

2  - 1'0 

- 

-0.05 

-0 . 00 

Step  hazard 

1  .40 

o 

.09 

2 . 09 

0.05 

-0.37 

Step  hazard 

18 

4.21 

2 

.  14 

2.13 

0.05 

-0.36 

Step  hazard 

o 

,73 

2.74 

0.20 

-0.07 

Crosspnth  hazard 

19 

7.02 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

20 

9.33 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

21 

12.64 

H 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

22 

15.45 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

23 

10.26 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

24 

21.07 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

23 

23.80 

N 

0 

H 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

26 

26.69 

W 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

27 

29.50 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

20 

32.31 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  E  D 

29 

33.12 

N 

0 

II 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  C  E  D 

30 

37 . 93 

N 

0 

11 

A  Z  A 

R 

D  S 

C  A  T  A 

L 

0  G  F.  D 

31 

40.74 

N 

0 

11 

A  Z  A 

R 

D  S 

0  A  T  A 

L 

0  C  E  D 

32 

43.55 

N 

0 

II 

A  Z  A 

R 

I)  S 

C  A  r  A 

L 

0  0  E  D 

Input  file:  MDL. RANGE. 20 

Kile  Cren t 1  on  Date  :  VED,  AUC  10  1983 

**  MODEL 1  PARAMETERS 
HE I  CUT  F I LTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  * 
LEVEL  GROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  = 


System  time  20:09:37 


0.25 

0.90 

0.25  METERS 
30.00  DECREES 


2.0  + 


1  .0  + 


4  5  3 


X  vs .  Y  for 
hazards  of 
scan  *  1 

Number  key: 

1  —  Insufficient  data 

2  —  Furthest  return  . LT .  1.5m 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bad  data 


-2.0  + 


0 

. 

2 

3 

->  X 
4 

Points  off  sea 

AZIMUTH 

(  defj) 

RANGE 

X 

Y 

Z 

HAZARD  TYPE 

1 

-43 . 56 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

2 

-40 . 74 

N 

0 

H 

A 

Z  A 

R 

D 

S 

c 

A 

T  A 

L 

0  C  E  D 

3 

-37.93 

N 

0 

11 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

4 

-35.13 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

5 

-32.31 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

6 

-29.50 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

7 

-26.69 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

a 

-23 . aa 

f! 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

9 

-21 .08 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

10 

-18.26 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

1  1 

-15.45 

N 

0 

II 

A 

Z  A 

n 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

12 

-12.64 

N 

0 

II 

A 

Z  A 

n 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

13 

-9.04 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

14 

-7.02 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

15 

-4  1 22 

N 

0 

11 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

16 

-1  .41 

2 

.29 

2 . 

.29 

- 

-0. 

.06 

-0. 

,32 

Step  hazard 

17 

1  .40 

2 

.29 

2- 

.29 

0. 

.06 

- 

-0. 

.31 

Step  hazard 

ia 

4.21 

o 

.29 

2 

.29 

0. 

,  17 

- 

■0. 

32 

Step  hazard 

2 

.30 

2 

.49 

0. 

13 

- 

■0  . 

,05 

Crosspath  hazard 

o 

.75 

2 

.74 

0. 

20 

- 

■0. 

05 

Crosspath  hazard 

19 

7.02 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

20 

9.83 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

21 

12.64 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

22 

15.45 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

23 

18.26 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

24 

21  .07 

N 

0 

H 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

25 

23.88 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

26 

26.69 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

27 

29.30 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

28 

32.31 

N 

0 

II 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  C  E  D 

29 

35.12 

N 

0 

II 

\ 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

30 

37.93 

N 

0 

11 

A 

Z  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  E  D 

31 

40.74 

H 

0 

11 

A 

Z  A 

R 

n 

c 

A 

T  A 

L 

0  C  E  D 

32 

43 . 55 

N 

0 

II 

A 

7.  A 

R 

D 

s 

c 

A 

T  A 

L 

0  G  F.  D 

SSS 

$ 

•is 

55 


Input  file:  MDL . RANCE . 2 1 

File  Creation  Date  :  VCD,  AUG  10  1983 


System  time  20:12:51 


**  MODEL 1  PARAMETERS 
11EICHT  FILTEn  COEFFICI  ENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  CROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  = 


0.25 

0.90 

0.23  METERS 
30.00  DECREES 


2.0  + 


1  .0  + 


0.0  + 


1  .0  + 


2.0  + 


4  5  5 
4 


AZIMUTH  (deff) 

1  -43.56 

2  -40.74 

3  -37 . 93 

4  -35.13 

5  -32.31 

6  -29 . 50 

7  -26.69 

8  -23.88 

9  -21.08 

10  -18.26 

11  -15.45 

12  -12.64 

13  -9.34 

14  -7.02 

15  -4.22 

16  -1.41 

17  1.40 

18  4.21 


7.02 
9.83 
12.64 
15.45 
18.26 
21.07 
23.08 
26.69 
29.50 
32.31 
35.12 
37.93 
40 . 74 
43 . 55 


RANCE 
N  O 
N  0 
N  O 
N  O 
N  0 
N  0 
N  0 
N  O 
N  O 
N  0 
N  O 
N  0 
N  0 
N  0 
N  0 
2.29 
2.29 

2.29 

2.30 
2.75 
W  O 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  O 
N  0 
W  0 

N  0 
N  0 
M  O 
N  0 


Y 

.  R  D  S 
,  R  D  S 
R  D  S 
.  R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
P.  D  3 
-0.06 
0.06 
0.17 
0.18 
0.20 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
U  I)  s 


X  vs.  Y  for 
hazards  of 
scan  *  1 

Number  Itey: 

1  —  Insufficient  data 

2  —  Furthest  return  .  LT 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  il  a  d  data 


Points  off  scale: 


HAZARD  TYPE 
L  O  G  E  D 
L  0  G  E  D 
L  0  C  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  C  E  D 
L  0  G  E  D 
L  0  G  E  0 
L  0  C  E  D 
Step  hazard 
Step  hazard 
S  t  ep  hazard 
Crosspath  hazard 
Crosspath  hazard 
L  0  G  E  I) 

L  0  C  E  D 
L  0  G  E  D 
L  0  C  E  D 
L  0  G  E  D 
L  0  G  E  l) 

L  0  C  E  D 
L  0  C  E  D 
LOCK  l> 

I.  0  G  E  D 
L  0  G  F.  D 
L  O  0  K  I) 

1.  O  G  F.  I) 
l.  '»  G  K  !> 


Input  file:  MDL.RAriCE.22 

Kilo  Creation  Date  :  WED,  AUC  10  1983 


Sys  t  em  t 1  me 


20:21 : 43 


**  MODEL  1  PARAMETERS 
HEICHT  FILTEn  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  GROUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  = 


0.23 

0.90 

0.23  METERS 
30.00  DEGREES 


2.0  + 


1  .0  + 


0.0  + 


2.0  + 


AZIMUTH 

1 

2 

3 

4 


(deg) 
-43.56 
-40.74 
-37 . 93 
-35.13 
-32.31 
-29.50 
-26.69 
-23 . 88 
-21.08 
-18.26 
-13.45 
-12.64 
-9.84 
-7.02 
-4.22 
- 1  .41 
1  .40 
4.21 
7.02 
9.83 
12.64 
15.45 
18.26 
21  .07 
23.38 
26.69 

29.30 

32.31 
33.12 
37.93 
40.74 
43.33 


RANGE 
N  0 
N  O 

ri  o 

N  0 
N  0 
N  O 
N  O 
N  O 
N  0 
N  0 
K  0 
N  0 
N  0 
M  0 

n  o 

N  O 
2 . 29 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
N  0 
H  O 
N  0 
N  0 
N  0 
N  0 

ri  o 


X  vs .  Y  for 
hazards  of 
scan  *  1 


Number  key: 


Y 

R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
0.06 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 
R  D  S 

r  n  s 

H  D  S 


Insufficient  data 
Fur  t  hes t  re  turn  . 
Slope  hazard 
Step  hazard 
Crosspath  hazard 
Cad  data 


Points  off  scale: 


HAZARD  TYPE 
L  0  C  E  D 
L  0  G  E  D 
L  O  G  E  D 
L  0  C  E  D 
L  O  G  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  O  G  E  D 
L  O  G  E  D 
L  0  G  E  D 
L  0  G  E  0 
L  0  G  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  0  G  E  D 

Step  hazard 
L  0  G  E  D 
L  0  G  E  D 
L  0  C  E  D 
L  0  C  E  U 
L  0  G  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  0  G  E  D 
L  O  G  E  D 
L  0  C  E  D 
LOG  E  D 
L  0  G  F.  D 
l.  0  G  E  r> 

L  O  G  E  D 


211 


Input  file:  HDL.HAltCE.23 

Kile  Creation  Dn t c  WED,  AUG  10  1983  System  time  20:26:51 


2.0  + 


1  .0  + 


0.0  + 


-1  .0  + 


•2.0  + 


0 


**  MODEL 1  PARAMETERS 
HE  I CIIT  FILTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  CitOUND  STEP  THRESHOLD  = 
SLOPE  THRESHOLD  - 


** 

0.25 

0.90 

0.25  METERS 
30.00  DECREES 


X  vs .  Y  for 
hazards  of 
scan  •  I 

Number  Leys 

1  —  Insufficient  data 

2  —  Furthest  return  .LT.  t . 5m 

3  —  Slope  hazard 

4  —  Step  hazard 

5  —  Crosspath  hazard 

6  —  Bad  data 


1 


234  Points  off  scale:  0 


NO  HAZARDS  CATALOGED  THIS  SCAN 


cvc 


. ,  .v.'  v  .•‘■•V- V- 

:_v'  I1'.-.''  v"  <.V.’ 


7.2.6  Hole  Tests  Results 


7.2.6. 1 

7. 2. 6. 2 

7. 2. 6.3 


Small  Square  Hole:  30  cm  x  30  cm. 
Rectangular  Hole:  30  cm  x  60  cm.. 
Large  Square  Hole:  60  cm  x  60  cm 


lapmt  ru«:  MDL . HOLE . 0® 

Fll«  Croatian  Data  :  HON ,  AUC  08  1083 


Sratea  tlaa 


19:34:47 


5 


**  MODEL  I  PARAMETERS 
HE1CHT  FILTER  COEFFICIENT  » 
SLOPE  FILTER  COEFFICIENT  > 
LEVEL  CROUND  STEP  THRESHOLD  » 
SLOPE  THRESHOLD  • 


0.23 
9  •  99 

0.23  METERS 
30.09  DEGREES 


2.9  ♦ 


l 


.0  ♦ 


0.0  ♦ 


-J  .0  ♦ 


-2.9  ♦ 


0  I 


X  r«.  Y  for 
htiarda  of 
•can  0  I 

Number  key: 

1  —  Insufficient  data 

2  —  Furtheat  return  .LT. 

3  —  Slope  hazard 

4  —  Step  hazard 

3  —  Groaapath  hazard 
6  —  Bad  data 


->  X 

4 


Polata  off  scale*  9 


1.3a 


a 


NO  HAZARDS  CATALOGED  THIS  SCAN 


Input  file:  KDL . L ITTLE . HOLE . 04 

File  Creation  Date  :  MON .  AUC  08  1983  Syatea  tlaa  19:44:21 


**  MODEL I  PARAMETDIS 
HE1CHT  FILTER  COEFFICIENT  « 
SLOPE  FILTER  COEFFICIENT  « 
LEVEL  CHOUND  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  * 


9.23 

ol23  METERS 
30.99  DEGREES 


2.9  ♦ 


1  .0  * 


0.0  «■ 


-I  .0  ♦ 


X  vi.  Y  for 
hazarda  of 
scan  •  1 

Number  key: 

1  —  I niuf f I c teat  data 
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0  C  E  D 

28 

32.31 

N  0 

II 

A  Z  A 

It 

I)  S 

c 

A 

T  A  L 

0  C  E  D 

29 

35.12 

N  0 

II 

A  Z  A 

R 

I)  S 

c 

A 

T  A  L 

0  C  E  D 

30 

37 . 93 

N  0 

II 

A  7.  A 

R 

1)  S 

c 

A 

T  A  L 

0  C  E  D 

31 

40.74 

N  0 

II 

A  7.  A 

11 

D  S 

<: 

A 

T  A  L 

0  C  E  I) 

32 

43.55 

N  0 

II 

A  7.  A 

It 

1)  S 

c 

A 

T  A  L 

0  C  F.  D 
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System  time  22:31:40 


**  MODEL 1  PARAMETERS 
HEIGHT  FILTER  COEFFICIENT  = 
SLOPE  FILTER  COEFFICIENT  = 
LEVEL  GROUND  STEP  TKRi-SHOLI)  * 
SLOPE  THRESHOLD  = 


0.23 
0 . 90 

0.23  METERS 
30.00  DECREES 


2.0  + 


1  .0  + 


0.0  + 


I  .0  + 


4  4 

4 
4 
4 
4 


X  vs .  Y  for 
hazards  of 
scan  9  1 


Number  key: 
1 

•> 


3 

4 
3 
6 


Insufficient  data 
Furthest  return  .LT. 
Slope  hazard 
Step  Hazard 
Crosspath  hazard 
Bad  data 


1 . 5m 


2.0  + 

0 


■  V 
1 


->  X 

4 


Points  off  scale:  0 


AZIMUTH 

(deg) 

RANCE  X 

Y 

Z 

HAZARD  TYPE 

1 

-43 . 36 

N  O 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

2 

-40.74 

N  0 

H  A  Z  A 

R  0  S 

C  A  T  A 

L  0  G  E  D 

3 

-37 . 93 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  G  E  D 

4 

-35.13 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

S 

-32.31 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

6 

-29 . 50 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

7 

-26.69 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  G  E  D 

8 

-23.88 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

9 

-21 .08 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  G  E  D 

10 

-18.26 

N  0 

II  A  Z  A 

n  D  S 

C  A  T  A 

L  0  G  E  D 

1  1 

-15.45 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

12 

-12.64 

1  .55 

1  .51 

-0.34 

-0.22 

Step  hazard 

13 

-9.84 

1  .71 

1  .68 

-0.29 

-0.27 

Step  hazard 

14 

-7.02 

1  .71 

1  .70 

-0.21 

-0.27 

Step  hazard 

15 

-4.22 

l  .71 

1  .71 

-0.13 

-0.27 

Step  hazard 

16 

-1.41 

1.71 

l  .71 

-0.13 

-0.27 

Step  hazard 

1  .71 

1.71 

-0.04 

-0.27 

Step  hazard 

17 

1  .40 

1.71 

1  .71 

-0.04 

-0.27 

Step  hazard 

1.71 

1.71 

0.04 

-0.27 

Step  hazard 

18 

4.21 

1  .71 

1  .71 

0.04 

-0.27 

Step  hazard 

1.71 

1  .71 

0.13 

-0.27 

Step  hazard 

19 

7.02 

1.71 

1  .71 

0.13 

-0.27 

Step  hazard 

1  .71 

1  .70 

0.21 

-0.27 

Step  hazard 

20 

9.83 

1  .71 

1 .68 

0.29 

-0.27 

Step  hazard 

21 

12.64 

1  .71 

1  .67 

0.37 

-0.28 

Step  hazard 

22 

1  5 . 45 

1  .48 

1  .43 

0.39 

-0.26 

Step  hazard 

23 

(8.26 

1  .48 

1  .43 

0.39 

-0.26 

Step  hazard 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  G  E  D 

24 

21  .07 

N  0 

H  A  Z  A 

R  U  S 

C  A  T  A 

L  0  C  E  D 

25 

23.88 

N  0 

II  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

26 

26.69 

N  0 

II  A  7.  A 

R  1)  S 

C  A  T  A 

L  0  C  E  1) 

27 

29.30 

N  0 

II  A  Z  A 

R  1)  $ 

C  A  T  A 

1.  0  C  E  1) 

28 

32.31 

N  0 

II  A  7.  A 

R  D  S 

C  A  T  A 

1.  0  C  E  D 

29 

33.12 

N  0 

II  A  Z  A 

11  1)  S 

C  A  T  A 

L  0  G  E  0 

30 

37.93 

N  0 

11  A  7.  \ 

R  1)  S 

C  A  T  A 

1.  0  G  E  1) 

31 

40.74 

N  0 

II  A  Z  A 

R  1)  S 

C  A  r  A 

1.  0  C  E  1) 

32 

43 . 35 

N  0 

II  A  7.  \ 

It  It  S 

C  A  T  A 

1.  O  t:  K  It 
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System  time  22:45:20 


tx  MODEL I  PARAMETERS 
HE I  CUT  FILTER  COEFFICIENT  = 
SLOPE  F I LTEH  COEFFICIENT  = 
LEVEL  GROUND  STEP  THRESHOLD  * 
SLOPE  THRESHOLD  = 


0.25 

0.90 

0.25  METERS 
30.00  DEGREES 


2.0  + 


1  .0  + 


0.0  ♦ 


1  .0  + 


X  vs .  Y  for 
hazards  of 
scan  *  I 


Number  Ley: 

1  —  Insufficient  data 

2  ■“  Fitr  I  t  r*«i  f  11 1*  ti  I 


2  —  Fur  I  lies  t  return 

3  —  Slope  hazard 

4  —  Step  hazard 

3  —  Crosspath  hazard 
6  —  Rad  data 


2.0  ♦ 


0 

1 

2 

3 

4 

Points  of 

ZIMUTH 

(deg) 

RANGE 

X 

Y 

Z 

HAZARD  TYPE 

1 

-43.56 

N  0 

H 

A  Z  A 

EDS 

C  A  T  A 

L 

0  G  E  D 

2 

-40.74 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

3 

-37.93 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

4 

-35.13 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

5 

-32.31 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  G  E  D 

6 

-29.50 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

7 

-26-69 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

8 

-23.88 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

9 

-21 .08 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

10 

-18.26 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

1  1 

-15.45 

1  .75 

1  .69 

-0.47 

0.01 

Crosspath  h 

12 

-12.64 

1  .68 

1 .64 

-0.37 

-0.31 

Step  hazard 

13 

-9.84 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

14 

-7.02 

1  .  10 

1.10 

-0.13 

0.00 

Step  hazard 

1  .68 

1  .67 

-0.21 

-0.33 

Step  hazard 

15 

-4.22 

1 .10 

1  .  10 

-0.08 

0.00 

Step  hazard 

1  .68 

I  .67 

-0.12 

-0.33 

Step  hazard 

16 

-1  .41 

N  0 

n 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  G  E  1) 

17 

1  .40 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  I) 

18 

4.21 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

19 

7.02 

I  .68 

1  .67 

0.21 

-0.29 

Step  hazard 

20 

9.83 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

21 

12.64 

1  .59 

1  .55 

0.35 

-0.28 

Step  hazard 

1  .71 

1  .67 

0.37 

-0.29 

Step  hazard 

22 

15.45 

1  .45 

1  .39 

0.39 

-0.28 

Step  hazard 

1  .45 

1  .39 

0.39 

-0.28 

Step  hazard 

1  .48 

1  .43 

0.39 

-0.28 

Step  hazard 

23 

18.26 

N  0 

H 

A  Z  A 

R  D  S 

C  A  T  A 

L 

0  C  E  D 

24 

21.07 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

0  C  E  I) 

25 

23.88 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

0  G  E  D 

26 

26.69 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

0  t;  E  1) 

27 

29.50 

N  0 

1! 

A  Z  A 

R  D  S 

C  A  T  A 

O  G  F.  It 

28 

32.31 

N  0 

11 

A  7.  A 

R  D  S 

C  A  T  A 

(t  G  F.  1) 

29 

35.12 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

(t  G  F.  It 

30 

37 . 93 

N  0 

II 

A  Z  A 

R  D  S 

C  A  T  A 

0  G  F.  It 

3  t 

<0.74 

N  0 

II 

A  7.  A 

R  I)  S 

0  A  T  A 

o  G  F.  It 

32 

43.35 

N  0 

II 

A  7.  A 

H  0  S 

<:  a  t  \ 

It  G  1.  It 
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| aval  Ml*:  MDL.B1C.H0LE.  14 

FI  I*  Creation  Date  :  MON.  AUC  *0  1983  Syetea  tlae  22:37:30 


*»  MODEL  I  PARAHETDIS 
HE  I  CRT  FILTER  COEFFICIENT  * 
SLOPE  FILTEK  COEFFICIENT  * 
LEVEL  CROC  NO  STEP  THP.ESIIOLD  * 
SLOPE  THRESHOLD  • 


0.23 

0.90 

0.23  METERS 
30.00  DECREES 


2.0  ♦ 


I 


.0  * 


0.0  * 


4 

4  444 

.4  444 

4  44 

4  4  4 


-I  .0  ♦ 


X  va.  Y  for 
hnzorde  of 
acan  •  I 

Number  key: 

1  —  Inauf f lcleat  data 

2  —  Furtbeet  return  .LT. 

3  —  Slope  hazard 

4  —  Step  hazard 

3  —  Croeepa t h  hazard 
6  —  Bad  data 


0 

1 

2 

3 

- >  X 

4 

Points  off 

LIMUTH 

(d.() 

RANCE 

X 

Y 

z 

HAZARD  TYPE 

1 

-43.34 

N  0 

BAZA 

R  D  S 

C  A  T  A 

L  0  C  E  D 

2 

-40.74 

|»  0 

R  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

3 

-37 . 93 

*  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

4 

-33. 13 

ft  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

3 

-32.31 

N  0 

BAZA 

R  D  S 

C  A  T  A 

L  0  C  E  D 

4 

-29.30 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

7 

-24.49 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

8 

-23.88 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

9 

-21 .08 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

10 

-18.24 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

1  1 

-13.43 

1  .41 

1  .34 

-0.37 

-0.28 

Step  hazard 

12 

-12.44 

1  .04 

1  .03 

-0.23 

0.01 

Step  hazard 

1  .41 

1 .37 

-0.33 

-0.38 

Stop  hazard 

1.41 

1.37 

-0.33 

-0.3B 

Step  hazard 

1  .41 

1.37 

-0.33 

-0.38 

Step  hazard 

1  .48 

1  .44 

-0.37 

-0.33 

Step  hazard 

13 

-9.84 

1  .04 

1  .04 

-0.  IS 

0.01 

Stop  hazard 

1  .84 

1  .83 

-0.32 

-0.37 

Stop  hazard 

14 

-7.02 

1  .04 

1  .03 

-0.13 

0.01 

Stop  hazard 

1  .41 

1 .60 

-0.20 

-0.38 

Stop  hazard 

1 .48 

1  .67 

-0.21 

-0.33 

Stop  hazard 

15 

-4.22 

1  .06 

1  .03 

-0.08 

0.01 

Step  hazard 

1  .61 

I  .61 

-0.12 

-0.38 

Step  hazard 

I  .61 

1  .61 

-0.12 

-0.38 

Stop  hazard 

1 .48 

1 .67 

-0.12 

-0.33 

Step  hazard 

16 

-1  .41 

1  .06 

1  .06 

-0.03 

0.01 

Stop  hazard 

1 .48 

1  .48 

-0.04 

-0.33 

Stop  hazard 

1  .77 

1  .77 

-0.04 

-0.37 

Step  hazard 

17 

1  .40 

l  .64 

1  .64 

0.04 

-0.37 

Stop  hazard 

id 

4.21 

1  .64 

1  .64 

0.12 

-0.37 

Stop  hazard 

1  .84 

1  .83 

0. 13 

-0.13 

Stop  hazard 

19 

7.02 

1 .61 

1  .60 

0.20 

-0.38 

Stop  hazard 

1  .61 

1 .60 

0.20 

-0.38 

Stop  hazard 

1  .77 

1  .73 

0.22 

-0.31 

Stop  hazard 

20 

9.83 

1  .06 

1  .04 

0.18 

e.ei 

Step  hazard 

1  .61 

1  .39 

0.28 

•0.38 

Step  hazard 

1  .61 

1 .39 

0.28 

-0.38 

Step  hazard 

1  .68 

1  .63 

0.29 

-0.33 

Step  hazard 

21 

12.44 

1  .06 

1  .03 

0.23 

0.01 

Step  hazard 

1  .84 

I  .81 

0.41 

-0.37 

Step  hazard 

22 

13.43 

1  .06 

1  .02 

0.28 

0.01 

Step  hazard 

23 

t  8.26 

N  0 

R  A  7.  A 

n  n  s 

C  A  T  A 

long 

24 

21.07 

n  o 

H  A  7.  A 

R  n  s 

C  A  T  A 

L  (1  C  E  l> 

23 

23.88 

N  0 

II  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

26 

26.69 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

27 

29.30 

N  0 

H  A  Z  A 

ns 

C  A  T  A 

L  0  C  E  0 

28 

32.31 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

29 

33.12 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

30 

37.93 

N  0 

H  A  Z  A 

R  D  S 

C  A  T  A 

L  0  C  E  D 

31 

40.74 

N  0 

II  \  L  \ 

IlDS 

C  A  T  A 

L  0  G  E  0 

32 

43.33 

?!  0 

11  A  Z  A 

8  0S 

C  A  T  A 

L  0  C  E  D 

I  .  3m 


